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1.  Introduction 


1. 1  PurjjQse  -  This  report  has  been  prepared  to  present  the  results  of  a  study  of  some  of  the 
physical  mechanical  and  electrical  properties  of  foil  clad  laminates  for  printed  wiring 
boards,  and  where  appropriate,  to  submit  recommendations  for  specification  revisions, 
based  on  the  data  taken. 

1.  2  Background  -  The  successful  utilization  of  printed  circuitry  in  electronic  systems,  partic  ¬ 
ularly  for  military  applications,  demands  careful  evaluation,  not  only  of  the  completed 
boards,  but  of  the  base  material  from  which  they  are  manufactured.  In  order  to  conform 
with  the  Department  of  Defense  Standardization  Program,  acceptance  standards  for  both 
the  basic  copper  clad  laminates  and  the  printed  circuit  boards  made  therefrom  must  be 
established  on  an  industry  wide  basis.  These  standards  must  fulfill  a  two-fold  purpose: 

(1)  to  ensure  that  acceptable  material  is  being  used  to  produce  acceptable  boards,  and 

(2)  that  the  standards  so  established  must  allow  the  industry  to  produce  these  boards  with¬ 
out  the  risk  of  excessive  scrappage  because  of  too  many  restrictions. 

Evaluation  of  foil  clad  laminates  and  printed  wiring  boards  requires  examination  of  phys¬ 
ical,  electrical  and  mechanical  properties.  In  some  of  these  areas,  both  criteria  for 
allowable  limits  and  acceptable  testing  techniques  exist.  In  other  areas  they  may  not  exist 
or  may  be  subject  to  question  by  the  consumer  or  the  industry.  The  problem,  then  is  two¬ 
fold:  (1)  complete  criteria  for  allowable  limits  must  be  established,  and  (2)  testing  method 
must  be  developed  or  evaluated  from  the  standpoint  of  practicability  and  reproducibility 
over  a  wide  range  of  different  types  of  material  produced  by  many  different  manufacturers. 

Because  of  the  widespread  interest  in  the  use  of  paper  base  epoxy  in  the  printed  circuit 
field  in  the  last  few  years,  it  has  become  necessary  to  evaluate  this  material  with  respect 
to  physical,  electrical,  and  mechanical  properties  in  order  to  establish  property  values 
for  the  various  parameters  measured  in  MIL-P-13949B. 

1.  3  Scope  -  The  scope  of  this  study  has  been  broken  down  into  five  tasks.  Task  A  is  concerned 
with  establishing  criteria  for  allowable  limits  per  square,  for  pin  holes,  nicks  and 
scratches  on  printed  wiring  boards.  The  work  accomplished  and  reported  under  this  task 
is  concerned  with  fabrication  of  test  specimens,  completion  and  testing  of  the  circuit  de¬ 
sign  for  measuring  temperature  rise  in  a  copper  conductor,  testing  of  the  specimens  and 
evaluation  of  the  effect  of  the  temperature  increase  by  making  peel  strength  measurements 
on  specimens  already  tested,  Task  B  is  concerned  with  the  evaluation  of  "bullseye"  and 
"comb  patterns"  presently  used  by  the  military  and  commercial  organizations  for  measur¬ 
ing  insulation  resistance  of  copper  clad  laminates,  and  to  establish  a  method  of  measuring 
insulation  resistance  which  is  practicable  and  reproducible  when  tested  in  a  humidity  cham¬ 
ber  at  specified  conditions.  (10  cycles  of  method  106-MIL-STD-202A).  The  work  accom¬ 
plished  under  this  task  includes  the  modification  of  the  insulation  resistance  test  design, 
special  cleaning  procedures  for  the  bullseye  and  comb  pattern  test  specimens,  and  analysis 
of  the  experimental  data.  Task  C  is  concerned  with  the  collecting  of  peel  strength  data  on 
copper  clad  laminate  test  specimens  after  dip  solder,  and  to  evaluate  the  reproduceability 
of  these  results  by  comparing  them  with  values  obtained  when  controlled  amounts  of  solder 
are  used.  Task  D  is  concerned  with  perfor.ming  peel  strength  tests  at  elevated  tempera¬ 
tures  in  accordance  with  the  test  method  in  MIIi-P-13949B.  ihe  work  accomplished  under 
this  task  involves  specimen  preparation  and  design  and  construction  of  a  peel  strength 
chamber.  Task  E  is  concerned  with  the  complete  evaluation  of  paper  base  epoxy  laminates 
in  accordance  with  the  requirements  of  MIL-P-13949B,  so  that  this  material  can  be  includ¬ 
ed  in  the  next  revision  of  the  specification. 

1.  4  References  -  The  following  documents  have  been  used  to  start  the  work  reported  on.  Spec¬ 
ifications  and  standards  marked  with  an  asterisk  (*)  are  considered  of  particular  irtere.st 
to  the  tasks. 
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MILITARY  SPECmCATIONS 


*MIL-P-13949B 

MIL-P-22324  (Ships) 

♦MIL-P-55110 
*MIL-R-978  (Ship?) 

MILITARY  STANDARDS 
♦MIL-STD-202A 

♦MIL-STD-275A 

FEDERAL  SPECIFICATIONS 

♦L-P-406B 


Plastic  Sheet,  Laminated,  Coppei*  Clad  (for  Printed 
Wiring) 

Plastic  Sheet,  Laminated,  Thermosetting,  Paper  Base, 
Epoxy  Resin 

Printed  Wiring  Boards 

Reports  and  Microfilm:  Research  and  Development 
(for  Electronic  Equipment) 


Test  Methods  for  Electronic  and  Electric  Component 
Parts;  Method  106A,  Moisture  Resistance;  Method  302, 
Insulation  Resistance 

Printed  Wiring  for  Electronic  Equipment 


Plastics,  Organic:  General  Specifications.  Test 
Methods 


Method  7031  Water  Absorption  Test 

Method  2021  Flammability  of  Plastics  over  0.050 
Inch  in  Thickness 


*American  Society  for  Testing  Materials 

Designation  D570-54T  Water  Absorption  of  Plastics 

Designation  B193-49  Method  of  Test  for  Resistivity  of  Electrical  Conductor 

Materials 

Miscellaneous  Publications 

♦SCL-6225  Design  Requirements  for  Auto-assembled  Army  Signal 

Electronic  Equipment 

*SCL-2101K  Signal  Corps  Technical  Requirement;  Technical  Reports 

Books  and  Pamphlets 

"Instruction  Manual,  Model  610A,  Multi-Pm*pose  Electrometer  and  Accessories",  Keithley 
Instruments,  Inc. 

"Instruction  Manual,  Sargent-Slomin  Analyzers,  Catalog  Nos.  5:9459-65",  E.  H.  Sargent  &  Co. 
"Do's  and  Don'ts  for  Fabricating  Laminates",  General  Electric  Company. 

"Manual  Instruction, s,  Dillon  Test  Machine",  Model  M-Serial  577  by  W.  C.  Dillon  and  Company. 
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"Operating  Instructions,  for  Type  544-B  Megohm  Bridge",  General  Radio  Company. 

"Directions  for  Kelvin  Bridge  Ohmeter  No.  4285",  Leeds  &  Northrop  Company. 

"Instruction  and  Operating  Manual  for  Vacuum  Tube  Voltmeter,  Model  412A",  Hewlett-Packard 
Company. 

"Instructions  for  The  Operation  of,  Missimers  Model  M3.  3  Modular  Test  Chamber,  Missimers 
Incorporated. 

Progress  Reports 


"Characterization  of  Metal-Insulator  Laminates",  by  D.  S.  Hoynes,  April  1953  through  April  1954, 
National  Bureau  of  Standards  Report  No.  3392. 

"Characterization  of  Metal-Insulator  Laminates",  by  D.  S.  Hoynes,  January  1955  through 
December  1955,  National  Bureau  of  Standards  Report  No.  4283. 

"Specification  Development  Report  on  Elevated  Temperature  Bond  Strength  of  Copper  Foil  Clad 
Plastic  Laminates  for  Printed  Circuitry",  Lab.  Project  5315-161  Final  Report,  12  December  1958, 
Bureau  of  Ships. 

"Specification  Development  Report  on  Elevated  Temperature  Bond  Strength  of  Copper  Foil  Clad 
Plastic  Laminates  for  Printed  Circuitry".  Lab.  Project  5315-161,  Progress  Report  1,  Bureau  of 
Ships  Problem  No.  ST- 161,  14  August  1958, 

■'Evaluation  Report  of  Electrical  Resistance  of  Foil  Clad  Phenolic  and  Epoxy  Laminates".  Lab. 
Project  4960-C-61.  5-100,  Final  Report,  Problem  No.  llOl-C-61,  5- 100  Allotment  600008/56, 
Bureau  of  Ships,  28  December  1956. 

"Insulation  Research  Program".  Progress  Report,  June  1  to  September  1,  1959,  University  of 
Delaware. 

"Insulation  Research  Program",  Progress  Report,  September  1,  to  December  31,  1959.  Univer¬ 
sity  of  Delaware. 

"Insulation  Research  Program",  Progress  Report,  January  1,  to  April  25,  1960,  University  of 
Delaware. 

"Insulation  Resistance  Program",  Summary  of  Investigations  and  Results,  Joint  ASTM-EIA- NEMA 
Project,  May  20,  1060,  University  of  Delaware. 

"Minutes  of  Joint  Steering  Committee  on  Insulation  Research",  May  25,  1960,  University  of 
Delaware,  Newark,  Delaware. 

"Resistivity  -  Its  Meaning  and  Significance",  by  Milton  G.  Young,  Symposium  Paper.  Sponsored 
by  the  American  Society  of  Testing  Materials,  ASTM  Meeting  at  Detroit,  Michigan,  October  6, 

1960. 

"Use  of  Low  Cost  Foil-Clad  Paper  Base  Epoxy  Laminates  for  Printed  Wiring  Boards”,  H.  L. 
Uglione,  Jr.  Insulation,  September  1960. 

Progress  Reports  and  Communications 

Contract  No.  DA36-039  SC85383,  Letter  to  Commanding  Officer  U.  S.  Army  Signal  Equipment 
Support  Agency,  Fort  Monmouth,  New  Jersey,  Attention:  Mr.  A.  Z.  Orlowski,  from  U.  S. 
Engineering  Co.  Division  Litton  Industries,  July  27,  1960. 
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First  Quarterly  Progress  Report,  "Studies  and  Surveys  in  the  Field  of  Printed  Circuit  Boards  and 
Foil  Clad  Laminates"  1  July  I960  to  30  September  1060.  Contract  No.  DA  36-039  SC85383. 

Second  Quarterly  Progress  Report,  "Studies  and  Surveys  in  the  Field  of  Printed  Circuits  and  Foil 
Clad  Laminates  1  October  to  31  December  1960.  Contract  No.  DA36-039  SC85383. 

Third  Quarterly  Progress  Report,  "Studies  and  Surveys  in  the  Field  of  Printed  Circuit  Boards 
and  Foil  Clad  Laminates"  1  January  to  31  March  1961.  Contract  No.  DA36-039  SC85383. 

1,  5  Conferences  -  A  meeting  was  held  on  July  5  and  6,  1960  between  representatives  of  the 
U.  S.  Engineering  Co.  and  USASESA  to  discuss  the  ta.sks  assigned  under  the  contract.  As 
a  result  of  this  meeting,  it  was  decided  that  work  on  Task  E,  the  evaluation  of  paper  epoxy 
should  be  started  immediately,  rather  than  left  until  last  as  had  been  originally  planned. 

On  July  8.  a  meeting  was  held  between  representatives  of  U.  S.  Engineering  Co.  and  Mr. 

D.  S.  Hoynes  of  the  Bureau  of  Standards.  This  discussion  covered  previous  work  done  in 
measuring  and  evaluating  current  carrying  capacities  of  varying  widths  of  printed  circuit 
conductor  lines.  Copies  of  the  reports  covering  this  work  were  obtained.  On  July  11.  a 
meeting  was  held  at  the  University  of  Delaware  with  Professor  M.  A.  Young,  concerning 
a  research  program  being  conducted  under  a  joint  industry  sponsorship  on  insulation  re¬ 
sistance  of  copper  clad  material.  Although  their  measurements  were  being  taken  at  a 
constant  temperature  and  humidity,  as  opposed  to  the  variable  conditions  required  by 
Method  106  of  MIL-STD-202,  considerable  valuable  information  was  received  on  techniques 
of  measurement  on  parts  under  humidity  chamber  conditions.  On  September  8  and  9,  a 
meeting  was  held  at  U.  S.  Engineering  Co.  with  Miss  Sarah  Rosen  of  USASESA.  This 
meeting  covered  discussions  of  the  progress  made,  and  plans  for  balance  of  the  work  on 
all  the  tasks,  with  particular  emphasis  on  the  evaluation  of  copper  clad  paper  base  epo.\y. 
On  October  10  through  12,  a  meeting  was  held  at  U.  S.  Engineering  Co.  with  Mr.  A.  Z. 
Orlowski  of  USASESA.  General  discussions  were  held  concerning  the  progress  of  the  pro¬ 
gram.  At  this  meeting,  following  an  inspection  by  the  USASESA  representative,  permis¬ 
sion  was  granted  to  allow  the  Delsen  Co.  ,  a  local  Engineering  Testing  Company  to 
subcontract  the  dielectric  testing  necessary  for  the  completion  of  Task  E.  the  evaluation  of 
paper  epoxy. 

On  October  23  through  27  visits  were  made  to  the  following  companies  to  determine  if  any 
work  was  being  done  which  might  be  of  value  or  be  worth  including  in  this  program; 

Martin  Company  -  Denver,  Colorado.  Talked  to  Mr,  Frank  Lane  and  Mr.  Lew  Charles. 
They  stated  that  the  only  work  which  had  been  done  which  might  be  of  value  was  some 
earlier  work  on  current  carrying  capacity  of  conductor  lines,  but  the  report  was  not  im¬ 
mediately  available. 

Sperry  Utah  Engineering  Laboratories  -  Salt  Lake  City.  Utah.  Talked  to  Mr.  T.  A. 
Roberts.  Standards  Engineer.  No  work  being  done  which  would  be  of  value. 

Boeing  Airplane  Company  -  Seattle,  Washington.  Visited  Mr.  J.  D.  Rough.  Mr.  Bob 
Cockrell.  Boeing  has  done  a  considerable  amount  of  work  on  material  evaluation,  but 
unfortunately,  it  does  not  fall  into  the  present  requirements  of  MIL-P-13949B,  and  there¬ 
fore  would  be  of  little  use. 

From  December  4  through  16,  a  series  of  visits  were  made  to  other  companies  and  mili¬ 
tary  installations,  as  well  as  USASESA.  These  are  outlined  below: 

Dec.  7  -  A  repeat  visit  was  made  to  Professor  Young  at  the  University  of  Delaware  to  re¬ 
view  measurement  techniques  of  Insulation  resistance  in  the  humidity  chamber,  and  pick 
up  any  additional  data  which  may  have  been  accumulated  since  the  last  visit. 
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Dec.  11  and  12  -  A  meeting  was  held  with  USASESA  representatives  during  this  period  to 
discuss  progress  of  the  various  tasks,  and  particularly  the  final  data  on  the  evaluation  of 
copper  clad  paper  epoxy.  Some  suggestions  for  tabulating  the  data  were  made  and  final 
specification  values  were  discussed. 

Dec.  13  -  Visited  Wright  Air  Development  Depot  at  Dayton.  No  Material  evaluation  work 
which  would  be  suitable  for  this  study  is  being  done  there. 

Dec.  14  -  Indianapolis,  Naval  Avionics  Facility,  Mr.  Donald  Martz.  Considerable  active 
printed  wiring  board  research  going  on  at  this  facility,  but  no  data  was  available  which 
would  fall  within  the  scope  of  this  study. 

From  March  21  through  March  30,  the  following  visits  were  made: 

Sperry  Company,  Great  Neck,  N.  Y. 

General  Electric  LMD,  Syracuse,  N.  Y. 

Chrysler  Missile  Division 

Burroughs  Company.  Detroit,  Michigan 

Collins  Radio  Company,  Cedar  Rapids,  la. 

On  June  8  and  9  a  meeting  was  held  at  the  U.  S,  Engineering  Co.  with  Mr.  A.  Z.  Orlowski 
of  USASESA.  The  third  quarterly  progress  report  was  reviewed,  and  final  plans  were 
made  for  completing  the  program. 

2.  Task  A  -  Allowable  Limits  Per  Square  of  Nicks,  Pin  Holes  and  Scratches  on  Printed  Wiring 

Board. 

2. 1  Approach 

To  measure  and  evaluate  the  effect  of  cross-sectional  area  reduction  on  the  current 
carrying  capacity  of  a  specified  length  of  conductor,  a  series  of  artworks  were  designed 
to  produce  printed  wiring  boards  with  conductor  lines  of  different  widths,  having  increasing 
degrees  of  area  reduction  represented  by  notches  of  measured  depth.  By  plotting  the  in¬ 
crease  in  temperature  of  the  conductor  at  the  point  of  reduction  against  the  current  through 
the  conductor,  a  series  of  curves  were  established,  allowing  the  comparison  of  the  temper¬ 
ature  effect  of  successively  deepening  notches  with  a  line  having  no  reduction.  It  had  been 
originaliy  planned  to  use  a  40°C.  rise  as  an  arbitrary  upper  limit  for  temperature  increase, 
but  it  became  apparent  that  tests  should  be  performed  to  the  point  of  destruction.  (The 
point  of  destruction  is  defined  as  the  point  at  which  there  is  a  separation  of  the  copper  from 
the  base  material  due  to  heat  developed  by  a  current  overload. )  After  temperature  testing, 
pull  tests  were  made  on  the  individual  circuit  lines  to  determine  at  what  point  the  tempera¬ 
ture  increase  which  developed  at  the  point  of  reduction  began  to  effect  a  degradation  of  the 
bond  strength  of  the  copper  to  the  base  laminate. 

Temperature  rise  tests  were  also  performed  on  production  type  circuit  boards  which 
had  nicks,  pin  holes,  and  scratches  in  the  circuit.  The  data  on  temperature  rise  versus 
current  were  recorded  and  a  tentative  design  chart  for  determining  current  carrying  ca¬ 
pacity  and  temperature  rise  for  I  and  2  oz.  copper  was  drawn. 

A  tentative  non-destructive  electrical  test  for  evaluating  th^ffect  of  nicks,  pin  holes 
and  scratches  on  printed  wiring  boards  is  presented  in  Appendix  ff^t  the  back  of  the  report 
under  a  given  set  of  electrical  and  physical  conditions.  This  test  will  provide  a  standard 
for  determining  the  degree  of  reduction  which  may  be  safely  allowed  per  square,  or  per 
given  length  of  conductor. 
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2.  2  Specimen  Fabrication 

Artwork  was  produced  for  three  types  of  test  patterns  which  were  printed  and  etched 
on  various  types  of  copper  clad  laminates.  Each  pattern  was  marked  with  letters  A.  B  and 
C  respectively.  The  three  types  of  test  patterns  are  illustrated  in  Figures  1,  2  and  3. 

The  percent  reduction  of  width  for  each  conductor  was  measured  at  the  notched  area.  (See 
Figures  1.  2  and  3. )  The  dimensions  of  each  test  pattern  were  checked  on  an  optical  com¬ 
parator  and  it  was  established  that  the  test  patterns  were  within  ±0. 1  Mil  of  the  required 
dimensions.  The  conductor  width,  at  the  notch  area  for  each  type  of  test  pattern  is  given 
below: 


PATTERN  "A” 


Strip  No. 
1 
2 

w 

4 

5 

6 


Strip  No. 
1 
2 

3 

4 


Conductor  Width  in  Inches  at  Notch 
0.  100  (No  reduction) 

0.  090  (10%  reduction) 

0.  080  (20%  reduction) 

0.  070  (30%  reduction) 

0.  060  (40%  reduction) 

0.  050  (50%  reduction) 

PATTERN  "B" 

Conductor  Width  in  Inches  at  Notch 
0.  047  (no  reduction) 

0.  035  (25%  reduction) 

0.  024  (50%  reduction) 

0.  020  (60%  reduction) 


PATTERN  ”C" 


Strip  No.  Conductor  Width  in  Inches  at  Notch 

1  0.  047  (No  reduction) 

2  0.  035  (25%  reduction) 

3  0.  024  (50%  reduction) 

4  0.  020  (60%  reduction) 

Pattern  "C"  has  five  individual  notches  in  Strips  2,  3  and  4.  (See  Figure  No.  3. ) 
These  additional  notches  in  each  strip  of  Pattern  "C"  were  added  to  see  what  effect  this 
might  have  on  the  temperature  rise  of  each  copper  conductor. 

The  general  procedures  for  printing  and  etching  the  test  specimens  are  outlined  in 
Appendix  B  of  the  report.  After  the  boards  have  been  prepared,  as  outlined  in  Appendix  B, 
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Figure  No.  3.  Test  Pattern  "C" 
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tei'miiials  wore  soldoreri  to  each  copper  strip  of  each  test  board.  The  distance  between 
terminals  was  3.  000  inches.  The  cross-sectional  area  of  the  terminal  chosen  was  large 
enough  to  carry  the  maximum  current  used  during  the  temperature  versus  current  mcas- 
urments  without  effecting  the  results.  The  specimens  were  recleaned  and  bagged  in  a 
■  polyethylene  bag  after  the  terminals  had  been  soldered  in  place. 

Additional  test  specimens  were  produced  where  nicks,  pin  holes,  and  scratches  were 
inscribed  in  several  production  type  circuit  patterns.  The  general  printing  and  etching 
procedures  for  these  test  boards  are  outlined  in  Appendix  B  at  the  back  of  the  report. 

2.3  Measuring  Eouipmeiit 

The  basic  circuit  layout  for  measuring  temperature  rise  is  illustrated  in  Figure  No. 

4.  Figure  No.  5  shows  the  completed  test  equipment  set  up  for  measuring  temperature 
rise  in  a  copper  conductor.  Figure  No.  6  shows  the  test  setup  for  testing  test  boards  15  to 
21.  The  following  equipment  was  used  for  measuring  temperature  rise: 

1.  Model  931  D.  C.  Ampere  Meter 

2.  20  Amp.  Shunt 

3.  8  Ohm,  50  Watt  Rheostat 

4.  Two  (125V-25Amp)  Knife  Switches 

5.  One  6  volt  Battery  (130  Ampere  hours) 

6.  Fenwal  Temperature  Meter  (Model  58301-5) 

7.  Thermistor  Dead  Sensing  Device  (Fenwal  No.  GB34P92) 

8.  TW  #8  Solid  Copper  Wire 

9.  Universal  Timer  (Model  167) 

10.  Jagabi  Carbon  Pile  Rheostat  (Model  #10-.  018  to  1.  8  ohms  Resistance). 

2.4  Testing  Procedure 


The  following  lest  procedures  were  used  to  collect  experimental  data  on  temperature 
rise  versus  current  for  test  patterns  A,  B  and  C  as  illustrated  in  Figures  1,  2  and  3  of  the 
re|Kjrt  and  test  boards  15  through  21.  The  tost  board  was  jilaced  in  the  sample  holder  and 
the  two  circuit  wires  with  connectors  were  positioned  on  the  respective  terminals  of  the 
conductor  to  be  tested.  This  can  be  seen  in  Figures  No.  5  and  6. 

Tlio  following  test  procedure  was  followed  for  test  boards  1  thi’ough  14. 

The  thermistor  bead  scn.sing  probe  was  placed  in  the  middle  of  the  conductor  at  the 
point  of  area  reduction  and  secured  with  a  plastic  adliesive.  While  the  adiiesive  was  drying 
(20  minutes  to  dry),  the  Fenwal  temperature  meter  was  turned  to  on  position  to  measure 
the  ambient  tem|)eratures  around  the  conductor  test  area.  An  8  ohm  rheostat  was  used  in 
the  circuit  to  Ijetter  control  the  lower  current  range  (1  to  5  amps).  The  arubierit  terripera- 
ture  was  recorded  and  current  was  allowed  to  flow  in  the  copper  conductor.  Temperature 
readings  were  taken  at  1  ampere  intervals. 

It  took  5  to  6  minutes  for  the  current  to  stabilize  before  the  temperature  was  recorded 
Measurements  were  made  up  to  a  temperature  rise  of  40°C  above  ambient.  When  the 
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60(8  TO  T^MPtreft-rufeE 


Figure  No.  4  Basic  Circuit  For  Measuring  Temperature  Rise  In  A  Copper  Conductor 


Figure  No.  5.  Test  Set  Up  For  Measuring  'i'emperature  Rise 
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f''l[j;ure  No.  C.  Mtjclified  Tost  Set  up  for  Measuring  Temperature  Rise 

oil  I’roductioii  Type  lioards 
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measurements  were  completed  on  one  conductor  of  pattern  A,  B  or  C  (see  Figures  1 ,  2  or 
3)i  the  thermistor  probe  was  switched  to  the  next  conductor.  The  adhesive  around  the 
thermistor  probe  was  removed  by  using  methyl  ethyl  ketone  solvent.  The  same  procedure, 
as  described  above,  was  repeated  on  each  successive  conductor  to  be  tested. 

To  obtaiii  data  on  conductor  lines  or  production  type  boards,  the  above  testing  pro¬ 
cedure  was  altered  to  allow  measurements  regardless  of  conductor  configuration.  Test 
boards  15  through  21  were  then  tested  by  the  following  procedure. 

The  degree  of  cross-section  area  reduction  was  established  for  nicks  or  pin  holes  by 
physical  measurement  of  the  reduced  area  on  an  optical  comparator.  The  area  reduction 
generated  by  a  scratch  was  established  by  measuring  the  width  of  the  scratch  on  the  com¬ 
parator.  and  the  depth  using  a  sharp  pointed  probe  on  a  dial  indicator  with  a  surface  plate 
and  height  gage. 

The  test  board  was  then  placed  in  the  specimen  holder.  (See  Figure  No.  8. )  The 
thermistor  bead  was  put  in  the  therrnister  bead  holding  device  as  shown  in  Figure  No.  7. 
This  holding  device  enabled  the  thermistor  bead  to  be  positioned  at  any  desired  point  on  the 
test  board  where  a  temperature  measurement  was  to  be  made,  and  was  designed  to  insure 
firm  contact  with  the  surface  of  the  conductor.  After  the  therrnister  bead  was  positioned 
at  the  desired  measuring  point  on  the  conductor,  ihe  two  electfouc  Wire  c 
positioned  on  both  sides  of  the  thermistor  bead.  (Distance  between  electrodes  varied  be¬ 
tween  0.  750  inch  to  1.  50  Inches. )  Figure  No.  9  shows  the  high  current  terminal  that  was 
used  as  electrodes,  A  visual  inspection  was  made  to  see  that  proper  physical  contact  was 
made  between  electrodes  and  the  .surface  of  the  copper  conductor.  From  this  point  the 
testing  procedure  was  performed  in  the  same  manner  as  the  test  procedure  for  test  boards 
1  through  14,  except  that  the  application  of  a  plastic  adhesive  rvas  not  necessary  because  of 
the  thermistor  bead  holding  device  which  supported  and  held  the  bead  Itself.  (See  Figure 
No,  7.) 

2.5  Analysis  of  Temperature  Rise  Measurements 

Fourteen  test  boards  were  tested  and  data  collected  and  presented  In  Tables  I  to  XIV. 
The  temperature  versus  current  data  is  plotted  and  reported  in  Figures  10  to  31.  The  test 
time  reported  in  Tables  I  to  XIV  refers  to  the  time  required  for  each  temperature  to  sta¬ 
bilize. 

The  tabular  and  graphical  data  reported  on  the  fourteen  test  boards  Include  the  rot- 
lowing  types  of  base  laminates,  copper  weight  and  type  of  test  pattern  used  on  each  test 
board. 

Test 


Board 

No. 

Base  Laminate 

Laminate 

Thickness 

Approx. 

Weight 

Test 

Pattern 

1 

Paper  Phenolic  (PP) 

1/16  In, 

1  oz. 

•  A 

2 

Paper  Phenolic  (PP) 

1/8  in. 

1  oz. 

A 

3 

Paper  Phenolic  (PP) 

1/8  in. 

2  oz. 

A 

4 

Paper  Epoxy  (PX) 

1/16  in. 

1  oz. 

A 

5 

Paper  Epoxy  (PX) 

1/8  in. 

1  oz. 

A 

6 

Paper  Epoxy  (PX) 

1/8  in. 

2  oz. 

A 

11 


3£. 


Fieure  No.  7.  Thermistor  Bead  Holding  Device 


Figure  No.  8.  Temperature  Rise  Test  Chamber 
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Figure  No.  9.  High  Current  Termination  Terminal 
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Test  Pattern  ' 


DATASHEET  TEMPERATURE  VS  CL'itRENT  ON  PAPER  EPOXY  (I  8  INCH  THICKNESS  -  1  QZ)  COPPER 
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Test  Pattern  ' 
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DATA  SHEET  -  TEMPERATURE  VS  CURRENT  ON  PAPER  EPOXY  (1  '8  INCH  THICKNESS  -  2  OZ)  COPPER 
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Test  Pattern  ' 
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Test  Pattern  "B' 
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Test  Pattern  " 
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Test  Pattern  ’’C" 

These  conductor  strips  were  damaged  so  were  not  tested 
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^  TABLE  XIV 

DATA  SHEET  -  TEMPERATURE  VS  CURRE.VT  0?s  GLASS  SILICONE  (1/8  INCH  THICKNESS  -  2  OZ)  COPPER 
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CUEEENT  -  (AMPS) 


CrEEZHT  -  (Al-^PS) 


Test 

Board 

No. 

Base  Laminate 

I -aniinate 
Thickness 

Approx. 

Weight 

Test  ■ 

Pattern 

7 

Glass  Ei)o.\y 

(GE) 

l/fi  in. 

2  oz. 

A 

8 

Glass  Silicone 

(GS) 

1/8  in. 

2  oz. 

A 

9 

Paper  Epoxy 

(PX) 

1/8  in. 

1  oz, 

B 

10 

Paper  Epoxy 

(PX) 

1/8  ill. 

1  oz. 

C 

11 

Paj^er  Eijoxy 

(PX) 

1/8  in. 

2  oz. 

D 

12 

Paper  Epoxy 

(PX) 

1/8  in. 

2  oz. 

V  - 

13 

Glass  Silicone 

(GS) 

1/8  in. 

2  oz. 

B 

14 

Glass  Silicone 

(GS) 

1/8  in. 

2  oz. 

C 

The  Paper  Phenolic  and  Paper  Ei)oxy  base  laminate  board  material  showed  no  dif¬ 
ference  in  the  effect  of  temperatu'C  ‘ise  on  the  cop])er  conductor.  Test  boards  1  to  8  using 
Pattern  "A"  (Figure  No.  1)  showed  that  a  variation  in  the  conductor  line  width  of-Qr-S#  to 
0.  100  inch  at  the  notch  had  very  little  effect  on  tcmijerature  rise  in  the  conductor. 

A  smaller  conductor  line  width  was  made  (See  Pattern  "B",  Figure  No.  2)  in  order  to 
see  if  there  would  be  any  further  temperature  difference  as  a  result  of  reducing  the  line 
width  of  a  copper  conductor  from  AgW-  to  0.  020  inches.  See  boards  9,  11  and  13  for  test 
data.  O.0H7 

Pattern  "C"  (See  Figure  No.  3)  was  made  to  evaluate  the  effect  of  multiple  notched 
areas  in  a  co|)i5er  conductor.  Test  boards  10.  12  and  14  test  results  showed  that  multiple 
notched  areas  had  no  effect  on  temperature  rise. 

Peel  strength  measurements  were  made  on  conductors  which  had  been  measured  for 
temperature  rise.  To  compare  the  peel  strength  data  of  the  tested  boards,  peel  strength 
tests  were  performed  on  test  boards  not  tested  for  temperature  rise  values.  Table  XV 
shows  the  peel  strength  data  on  boards  1  to  8  not  tested  for  temperature  rise  values. 

Table  XVI  shows  the  peel  strength  values  on  test  boards  1  to  9  respectively  and  boards  11 
and  13  subjected  lo  temperature  versus  current  measurements. 

Comparing  both  tables  with  respect  to  peel  strength  test  results,  the  following  re¬ 
sults  were: 

Increased  Peel  Strength 

Material  After  Test  (Ibs/inch  width) 


1  oz. 

-  Paper  Phenolic 

(XXXP) 

0,  60  lbs. 

2  oz. 

-  Paper  Phenolic 

(XXXP) 

1,  UO  lbs. 

1  oz. 

-  Paper  Epoxy 

(PX) 

No  change 

2  oz. 

-  Paper  Epoxy 

(PX) 

No  change 

PEEL  STRENGTH  TEST  RESULTS  ON  UNTESTED  BOARDS 


Material 

Increased  Peel  Strength 

/n-—  ft.  -A- 

A  COl  V  iUO/  WlULIW 

2  oz. 

-  Glass  Epoxy 

(GE) 

1.00  lbs. 

2  oz. 

-  Glass  Silicone 

(GS) 

2.00  lbs. 

The  slight  increase  in  peel  strength  of  those  boards  subjected  to  heat  produced  from 
the  current  was  probably  caused  by  some  additional  curing  of  the  bonding  resin. 

Figure  No.  32  shows  various  conductor  line  width  on  production  type  circuit  boards. 
Line  widths  shown  in  Figure  No.  1  vary  from  of  an  inch. 

0,OQO  -To  O.lOO 

In  order  to  establish  the  temperature  at  which  a  copiier  conductor  would  separate  from 
the  base  laminate,  several  tests  were  performed  on  1  and  2  oz.  copper  test  specimens. 

The  test  results  are  as  follows; 

Conductor 


Laminate  Type 

Copper 

W  eight 

Width 
at  Notch 

Current 

(Amperes) 

Temperature 

(°F) 

Paper  Epoxy 

(PX) 

1  oz. 

0.020  Inch 

9.  0 

350 

Paper  Epoxy 

(PX) 

2  oz. 

0.  035  Inch 

9.0 

350 

Paper  Epoxy 

(PX) 

2  oz. 

0.  035  Inch 

13.  5 

375 

Glass  Silicone 

(GS) 

2  oz. 

0.  035  Inch 

15.  0 

350 

Glass  Silicone 

(GS) 

2  oz. 

0.  047  Inch 

17.  5 

475-500 

All  five  tests  were  performed  on  1/8  inch  thick  material  and  the  pattern  used  was 
"C.  The  point  at  which  the  temperature  w'as  read  was  at  the  point  of  destruction.  The 
point  of  destruction  being  defined  as  the  point  at  which  there  is  a  visible  sign  of  separation 
of  the  co])per  conductor  from  the  base  material. 

Results  on  tost  boards  15  tlirough  21  are  reported  in  tables  XVII  through  XXIII.  These 
test  board  patterns  differed  from  test  boards  1  through  14  in  that  nicks,  pin  holes,  and 
scratches  were  deliberately  inscribed  at  random  on  jiroduction  boards  to  obtain  closer  data 
on  actual  production  parts.  The  board  number,  type  of  base  laminate,  copper  weight,  and 
temperatures  at  which  coiiper  discolored  are  given  below; 

Copper  Temperature  at  which 

Board  No.  Base  Laminate  Weight  Copper  Discolored 


15 

Paper  Phenolic 

(PP) 

1  oz. 

210Of 

16 

Paper  Phenolic 

(PP) 

2  oz. 

200^? 

17 

Pa])er  Epoxy 

(PX) 

2  oz. 

192-200°F 

18 

Glass  Epoxy 

(GE) 

1  oz. 

206-238«F 
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Figure  No.  32.  Various  Conductor  Line  Widths  on  Production  Type  Circuit  Boards 
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BEST  POSSIBLE  REPRODUCTIOIf 
FROM  COPY  FURNISHED  ASTI A 
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Condition  No.  3  -  Scratches 
Copper  Discolored  at  210°  F. 
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Condition  No.  3  -  Scratches 
Copper  Discolored  at  210°  F. 
Copper  Discolored  at  2100  F. 


TEMPERATURE  RISE  VS.  CURRENT  ON  PAPER  PHEXOLIC  (1  8  INCH  THICKNESS  -  2  QZ. )  COPPER 
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BEST  POSSIBLE  EEPRODUCTIOW 

from  copy  furnished  ASTIA 


Condition  No.  1  -  Nicks 
Condition  No,  2  -  Pin  Holes 
Coitdition  No.  3  -  Scratches 
Copper  Discolored  at  198°  F 


TEMPERATURE  RISE  VS.  CURRENT  ON  PAPER  PHENOLIC  (1/8  INCH  THICKNESS  -  2  OZ.)  COPPER 
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Condition  No.  I  -  Nicks 
Ccndition  No.  2  -  Pin  Holes 
Condition  No.  3  -  Scratches 
Copper  Discolored  at  214®  F. 


Condition  No.  1  -  Nicks 
Condition  No.  2  -  Pin  Holes 
Condition  No.  3  -  Scratches 
Copper  Discolored  at  200°  F. 


TEMPERATURE  RISE  VS.  CIHIRENT  ON  PAPER  EPOXY  (1/8  INCH  THICKNESS  -  2  OZ. )  COPPER 
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Condition  No.  1  -  Nicks 
Condition  No.  2  -  Pin  Holes 
Condition  No.  3  -  Scratches 
Copper  Discolored  at  192°  F. 


*  Condition  No.  1  -  Nicks 
Condition  No.  2  -  Pin  Holes 
Condition  No.  3  -  Scratches 
3  Copper  Discolored  at  196°  F. 


Condition  No.  1  -  Nicks 
Condition  No.  2  -  Pin  Holes 
Condition  No.  3  -  Scratches 
Copper  Discolored  at  238°  F. 


I 

I 

I 

I 


I 

I 

I 

I 

i 


03  03  ^ 

Soo 

03  W 
Stf  CS 

o  S  s-< 
o 


o 

(N  (M 


rt  rt 


'•I  w  fcw  fc>J 


ca  CO 


0^  CD 

u  u 

O  O 


55088 

^  /<<  03  03 


QP 

S-, 

0)  O) 

a  ci< 

r^. 

O  O 

u  o  o  uo 


c 

o 

n 

c 

o 


-a  xs 
a  c 
o  o 


eg  CO 


69 


TABLE  XXI 

TEMPERATURE  RISE  VS.  CURnENT  ON  GLASS  EPOXY  (1/8  INCH  THICKNESS  -  2  OZ.)  COPPER 


70 


Condition  No.  1  -  Nicks 
Condition  No.  2  -  Pin  Holes 
Condition  No.  3  -  Scratches 
Copper  Discolored  at  230°  F. 


Condition  No.  1  -  Nicks 
Condition  No.  2  -  Pin  Holes 
Condition  No.  3  -  Scratches 
Copper  Discolored  at  208°  F. 
Copper  Discolored  at  228°  F. 


’3 


Condition  No.  1  -  Nicks 
Condition  No.  2  -  Pin  Holes 
Condition  No.  3  -  Scratches 
Copper  Discolored  at  250°  F. 


TABLE  XXI]  {CONT) 

TEMPERATURE  RISE  VS.  CURRENT  ON  GLASS  SILICONE  (1/  8  INCH  THICKNESS  -  1  OZ. )  COPPER 
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TEMPERATURE  RISE  VS.  CURRFA'T  ON  GLASS  SILICONE  (1,  8  INCH  THICKNESS  -  2  OZ.)  COPPER 


Condition  No.  1  -  Nicks 
Condition  No.  2  -  Pin  Holes 
Condition  No.  3  -  Scratches 
Copper  Discolored  at  200°  F. 


TABLE  XXIII  (CONT) 

TEMPERATURE  RISE  VS.  CURRENT  ON  GLASS  SILICONE  (1/8  INCH  THICKNESS  -  2  OZ.)  COPPER 
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Condition  No.  I  -  Nicks 
Condition  No.  2  -  Pin  Holes 
Condition  No.  3  -  Scratches 
Copper  Discolored  at  218°  F. 


77 


Condition  No.  1  -  Nicks 
Condition  No.  2  -  Pin  Holes 
Condition  No.  3  -  Scratches 
Copper  Discolored  at  198®  F. 


The  test  I’csulls  on  boards  15  Ihrouph  21  show  an  average  temperature  rise  above 
ambient  for  1  and  2  oz.  cop])cr  of  65°C.  .  measured  at  the  points  of  maximum  conductor 
cross-sectional  reduction.  This  point,  while  indicating  the  first  visible  evidence  of  damage 
to  the  conductor  from  heat,  is  still  well  below  the  actual  temperature  of  destructive  separ¬ 
ation  of  the  conductor  from  the  base  laminate.  In  view  of  this,  it  would  seem  that  the  orig¬ 
inal  premise  of  an  allowable  temperature  rise  of  40°C  above  ambient  was  reasonable,  and 
is  derated  sufficiently  to  allow  an  adequate  safety  margin.  It  is  recommended  that  this 
figure  be  retained  as  a  maximum  allowable  temperature  rise  above  ambient  for  both  1  and 
2  ounce  copper  conductors. 

From  the  data  presented  in  Tables  XVII  through  XXIII  and  data  plotted  in  Figures  No. 
33  and  34,  a  maximum  of  40^C  temperature  rise  above  ambient  for  both  1  and  2  oz.  copper 
is  recommended  for  both  of  these  copper  weights. 

2.  6  Conclusions 

The  following  conclusions  are  based  on  the  work  performed  and  test  results  reported 
under  Task  A: 

1.  A  50'?)  reduction  in  conductor  cross-section  area  has  very  little  effect  on  the  apparent 
temperature  increase  of  coijper  conductor  line  width  from  0.  047  to  0.  100  of  an  inch, 
within  a  range  of  current  values  which  do  not  allow  an  overall  increase  in  temperature 
beyond  40°C  above  ambient. 

2.  Multiple  notches  in  a  single  copper  conductor  apparently  will  not  have  any  further  effect 
on  temperature  rise  than  a  single  notch  in  a  copper  conductor.  {When  the  area  of  the 
notch  is  the  same  in  each  case. ) 

3.  A  40^C  temi)crature  rise  lor  both  1  and  2  oz.  copper  (above  ambient)  for  conductor  line 
width  of  .  020  to  .  100  or  greater  was  found  to  be  a  safe  temperature  rise  limit  without 
destruction  to  either  the  copper  conductor  or  base  laminate. 

4.  It  is  apiiarent,  both  from  temperature  rise  values  established  from  special  copper  con¬ 
ductor  test  strii)s.  and  from  conventional  boards  tested  that  copper  conductors  produced 
on  various  l)ase  laminates  will  vary  in  temperature  rise  and  temperature  at  which  the 
copper  conductor  will  lift  from  the  base  material.  It  is  most  logical  to  assume  (based 
on  temperature  rise,  peel  strength  data,  and  destructive  tests)  that  the  base  laminate 
resin  and  reinforcement  have  an  influence  on  the  temperature  rise  of  a  copper  conductor, 
peel  strength  and  temperature  at  which  a  conductor  will  separate  from  the  base  laminate. 

The  following  statements  can  be  made  aljout  the  influence  of  paper  and  glass  base  laminates 
on  temperature  rise,  peel  strength  and  temperature  at  which  copper  conductor  will  lift  from 
the  base  laminate; 

a)  1  and  2  oz.  copper  on  a  pa|)er  base  laminate  (using  a  phenolic  resin  system)  gives  a 
lower  peel  strength  than  glass  base  laminate  when  subjected  to  temperature  rise  vs  cur¬ 
rent  measurements. 

b)  1  and  2  oz.  copper  conductors  on  glass  base  laminates  (using  epoxy  or  silicone  resin 
system)  will  give  approximately  1  to  2  pounds  per  inch  width  greater  pull  strength  when 
tested  after  temperature  rise  measurements. 

c)  I  and  2  oz,  cop])er  conductors  on  glass  base  laminates  carry  more  current  than  the  same 
co])per  conductors  on  paper  base  laminates. 
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ni:isR  n for r i'll!  maloriul  acts  as  a  bcfter  heal  sink  than  paper  reinforcing  material. 

One  oossiblc  reason  for  this,  is  tlic  heal  capctcity  value  for  glass  The 

type  of  resin  system  will  eifect  lemporalure  rise  measurement  but  the  reinforcing  material 
plays  a  greater  role  in  influencing  the  current  carrying  capacity  of  a  copper  conductor  be¬ 
fore  destruction. 

To  assure  reliability  and  minimize  the  possible  effects  of  long  time  application  of  elevated 
temperatures  which  could  cause  ultimate  degradation  of  the  bond  to  failure,  the  following 
specification  limitations  arc  recommended. 

1.  For  any  given  1  inch  length  of  conductor,  individual  nicks  or  pin  holes  or  combination 
of  nicks  and  pin  holc.s  wliich  expose  the  base  laminate,  or  any  scratch  shall  not  reduce 
the  croso-seclion  area  of  the  conductor  by  more  Ilian  30%. 

2.  For  any  given  1  inch  length  of  conductor  no  combination  of  nicks  or  pin  holes  which  ex- 
jioso  the  base  laminate,  nr  any  scratch  shall  be  acceptable  when  the  cross-section  area 
at  the  point  of  maximum  reduction  shows  a  temperature  increase  in  excess  of  40^C  when 
examined  in  accordance  willi  the  procedure  outlined  in  Appendix  B. 

3.  Task  B  -  Jnsulalirm  Rc,si.slaiice 

^  Approach 

The  primary  purpose  of  this  task  is  to  evaluate  "bullseye’'  and  "comb”  patterns  presently 
being  used  in  industry  for  moa.suring  insulation  resistance,  to  establish  a  method  which  is 
both  praciicable  and  reproducible  in  laboratories  for  measuring  insulation  resistance  under 
humidity  chamber  conditions,  and  to  compare  tlie  reproduciability  of  results  obtained  from 
bullseye  patteri's  with  the  various  comb  patterns  lieing  used,  when  measured  under  these 
conditions. 

To  accomplish  tins,  a  cnnveniionai  humidity  chamber  designed  to  reproduce  the  temperature 
and  humidity  requirements  of  MIL-Std-202  has  been  redesigned  and  modified  to  allow  the 
simultaneous  testing  and  nieasuremont  of  a  number  of  samples  while  undergoing  condition¬ 
ing.  Special  precautions  were  taken  in  the  redesign  t  >  minimize  the  possibility  of  any  er¬ 
roneous  readings  resulting  from  leakage  to  the  chamber  or  between  specimens. 

5.2  Specimen  Falirication 

The  bullseye  and  comb  pattern  tost  specimens  wore  prepared  according  to  steps  outlined  in 
Appendix  B  at  the  end  of  (he  ruport.  The  test  specimens  were  not  cleaned  and  di’ied  as 
outlined  in  Appendix  B  l)ul  two  alternate  cleaning  jiroccdures  were  used.  The  purpose  of 
having  two  different  cleaning  pi'occduros  was  to  see  what  effect,  if  any.  a  variation  of 
cleaning  after  ofehing  would  liavc  on  insulation  resistance  of  the  test  specimens. 

The  two  procedures  art'  outlined  below: 

3.2.  1  IdjentificaUmmif  'I'est  Boards  with  Respect  lo  Cleaning 

Test  boards  1  through  30  and  111  through  126  (see  Table  XXXII  for  test  board  type 
and  other  information)  wore  cleaned  by  the  following  method: 

1.  Washed  witli  lap  water  at  tiO  to  90'"F  for  several  miimies. 

2.  Scrubljcd  with  Grade  FF  Pumice  to  remove  resist  and  wipe  with  a  lint  free  cloth 
moi.stened  with  methyl  ethye  ketone  (MEK).  (Care  was  exercised  to  avoid 
abrading  tlie  adhesive  layer  with  the  pumice. ) 
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3.  Tmn’.orccd  iii  10%  oxalic  solution  at  60-90°F  for  15  to  20  minutes.  Solution  was 
agitated  periodically. 

4.  Scrubbed  with  a  plastic  bristle  brush  under  running  water.  (60-90°F  tempera¬ 
ture). 

5.  Rinsed  in  distilled  water  and  dry  with  filtered  air. 

6.  Specimens  were  than  handled  with  nylon  lint-free  gloves  and  dried  for  one  hour 
in  an  air  circulating  oven  at  80°  ±3°C. 

Test  Boards  31  through  110  were  cleaned  by  this  procedure: 

1.  Scrubbed  with  pumice  or  Ajax  and  Tempico  brush. 

2.  Rinsed  1-2  minutes  in  s])ray  water  rinse. 

3.  Rinsed  4-6  minutes  in  running  water  rinse. 

4.  Immersed  in  versene  solution  (1  oz.  per  gallon)  for  2-4  minutes. 

5.  Rinsed  2-4  minutes  in  hot  (min.  155°F)  deionized  water. 

6.  Blown  dry  with  clean  filtered  air  and  then  bagged  immediately. 

All  handling  during  cleaning  was  done  with  white  cotton  gloves. 

3. 3  Design  of  Humidity  Chamber 

The  basic  re-design  of  the  chamber  involved  the  replacement  of  two  walls  with  removable 
modular  units  containing  all  of  the  necessary  internal  connections,  feed-thru  leads,  and 
external  tie  points  for  electrical  measurement.  The  internal  connections  consist  of  three 
spring  contacts  for  each  test  board.  These  were  originally  mounted  on  four  teflon  strips, 
with  twelve  test  board  positions  per  strip.  Preliminary  measurements  indicated  that  too 
much  electrical  leakage  was  occurring  in  the  system  and  it  was  necessary  to  reduce  the 
number  of  positions  per  strip  and  to  cut  each  teflon  strip  into  three  pieces  to  provide  air 
gaps.  Original  20  gauge  teflon  insulated  wire  was  replaced  with  teflon  insulated  shielded 
coaxial  cable  (Type  RG-142V).  These  steps  reduced  the  leakage  to  0.  03  to  0.  04  x  10"^^ 
amperes  which  was  small  enough  to  have  no  measurable  effect  on  final  insulation  resistance 
values. 

The  teflon  coaxial  cables  were  led  through  the  wall  of  the  module,  three  for  each  specimen 
position,  and  brought  out  to  a  plexiglas  terminal  board  mounted  on  the  outside  of  the  unit. 
Three  banana  plug  jacks  were  provided  for  each  internal  specimen  position  and  the  teflon 
coax  leads  were  soldered  to  these  jacks.  Heavy  grounded  copper  bus  bars  were  provided 
on  the  terminal  boards  to  allow  all  positions  except  the  one  actually  under  measurement  to 
be  grounded.  This  grounding  minimized  the  possibility  of  any  stray  currents  affecting  re¬ 
sistance  readings.  The  specimen  identification  or  location  was  done  as  follows:  One  panel 
was  marked  I,  the  other  II.  Each  row  was  lettered,  starting  with  letter  A.  Panel  I.  con¬ 
sisting  of  four  rows,  was  marked  A,  B,  C  and  D.  In  each  row  numbers  1  through  14  were 
marked  below  each  set  of  three  banana  plug  positions.  For  example,  a  specimen  identified 
as  I-B4  would  mean  panel  I  in  row  B  position  4. 

For  the  wiring  and  plug  arrangement  of  the  modular  side  panels,  inside  view  of  humidity 
test  chamber  showing  specimen  holder  arrangement,  and  the  humidity  chamber  Model 
M3.  3,  see  Figure  No.  35,  36  and  37. 
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Figure  No.  36.  Inside  View  of  Humidity  Test  Cliambcr  Showing 

Specimen  Holder  Arrangement  normT?  REPKODUCTlOlf 

ASTIA 
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Figure  No.  37.  Missimers  Model  M3. 3  Modulor  Test  Chamber 
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Tlic  loiiowing  infoi’mation  tar.  ’oc  cccr.  in  Figures  .'^8,  3Q  40  and  41: 

1.  Special  design  of  the  insulation  resistance  specimen  holder. 

2.  The  mounting  board  for  test  specimens. 

3.  The  electrode  connector  design  for  the  insulation  resistance  measure.-nents. 

4.  Humidity  chamber  portable  side  panel. 

3 .  4  Testing  Procedure 

3.4. 1  Equipment  -  Because  of  the  critical  nature  of  the  measurements  which  had  to  be 

made  and  the  need  for  delicate  and  precise  readings,  the  choice  of  instrumentation 
was  vital. 

Fortunately  a  program  was  already  underway  at  the  University  of  Delaware, 
sponsored  jointly  by  EIA.  ASTM  and  NEMA  under  the  guidance  of  Professor  M.  A. 
Young,  whicli  also  required  the  measurement  of  insulation  resistance  under  cham¬ 
ber  conditions. 

A  rigorous  survey  of  available  instrumentation  had  already  been  made  and  the  re¬ 
sults  of  this  study  were  made  available  to  us  through  reports  and  consultation.  As 
a  result  it  wa.s  decided  to  measure  current  and  voltage  through  the  sample.s  rather 
than  resistance  and  calculate  the  resistance  values  later.  A  Keithley  Model  610A 
Electrometer  was  used  to  measure  current,  and  the  voltage  was  supplied  by  a  DC 
Power  Siqiply  witli  the  voltage  constantly  monitored  by  a  Hewlett-Packard  Model 
412A  Vacuum  Tube  Voltmeter. 

3.  4.  2  Procedure  -  The  Keithley  Electrometer,  Power  Supply  and  the  VTVM  were  turned 
on  to  allow  a  warm-ui)  period  of  30  minutes  for  Hie  instruments.  During  any  period 
when  mca.surcmcnls  on  the  to.st  specimens  wore  not  being  taken,  leads  of  all  spori- 
mons  were  shorted  to  the  ground  to  prevent  a  build-ui)  of  electrostatic  charge  which 
is  caused  by  air  friction  in  the  humidity  chamber.  Figure  No.  42  shows  the  basic 
electrical  circuit.  At  the  end  of  30  minutes,  each  specimen  was  disconnected  from 
ground  and  current  readings  were  taken.  The  specimen  was  energized  with  500  volts 
for  one  minute  before  the  current  was  read.  Measuring  insulation  resistance  by  the 
indirect  method  enables  an  accuracy  of  ±6%  at  10^^  ohms  range  to  be  reached 
(current  measured  with  a  Keithley  Electrometer  Model  610A).  At  the  end  of  each 
current  reading  the  specimen  just  tested  was  grounded  before  the  next  specimen  was 
measured.  The  500  volt  line  voltage  was  monitored  continuously  with  a  Hewlett- 
Packard  Model  412A  Voltmeter.  Referring  to  Fig-ure  No.  42.  leads  1  and  2  are 
merely  changed  for  measuring  volume  resistance.  The  insulation  resistance  meas¬ 
urements  were  performed  on  the  bullseye  test  pattern  by  applying  the  potential 
across  the  outer  and  center  ring  of  the  bullseye  pattern. 

The  insulation  resistance  readings  on  lost  patterns  in  MIL-P-55110  and  SCL-G225 
were  taken  by  applying  the  potential  across  opposite  leads  on  the  test  patterns 
respectively,  making  a  twp-electrode  system. 

The  dimensions  of  the  bullseye  and  comb  test  patterns  are  as  folic ws: 

1.  Dullscyc  Pattern  -  The  upper  electrodes  are  in  the  shape  of  a  f  ircle,  2  inches 
in  diameter.  A  1/4  inch  wide  guard  is  located  concentrically  '.ith  respect  to  the 
upper  electrode  and  spaced  1/4  inch  from  it.  The  bottom  elec  ode  is  3  inches 
in  diameter  with  the  shape  of  a  circle. 
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Figure  No.  39,  Mounting  Board  For  Test  Specimens 


Figure  No.  40.  Electrode  Connector  Designs  For 
Insulation  Resistance  Measurements 
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Figure  No.  42.  Measuring  Circuit  for  Surface  Resistance 


Comb  Pattern  -  This  pattern  is  made  up  of  five  individual  comb  patterns,  three 
having  5  copper  conductors  and  two  with  3  conductors.  All  5  combs  are  meshed 
into  one  large  pattern  as  shown  in  Figure  No.  43  (Specimens  I-H7  and  H9),  All 
of  the  individual  conductors  are  0, 031  inch  in  width.  The  air  gap  between  each 
conductor  Is  0.050  inch,  and  the  length  of  each  conductor  is  1.3800  inches. 

3.  Insulation  Test  Pattern  -  (Per  SCL-6225)  was  followed  as  described  in  Military 
Specification  No.  SCL^^SSS,  (see  Figure  No.  56  for  test  pattern  design). 

4.  Insulation  Test  Pattern  -  (Per  MIL-P-56110)  was  followed  as  described  in 
Military  Specification  No.  MIL-P-55110.  (See  Figure  No.  56  for  test  pattern 
design. ) 

3.  5  Analysis  of  Insulation  Test  Results 


Tables  XXIV  through  XXIX  show  test  results  for  two  Military  and  one  commercial  comb 
test  pattern. 


Included  in  the  comb  pattern  values  are  the  insulation  resistance  (in  megohms),  measured 
at  100  and  500  volts  DC  for  the  test  pattern  from  MIL-P-55110  and  SCL-6225  and  a  com¬ 
mercial  cumb  pattern.  Each  test  pattern  is  marked  with  the  military  specification  num¬ 
ber  or  the  abbreviation  com.  for  the  commercial  comb  test  pattern. 

The  military  patterns  as  detailed  in  SCL-6225  and  MIL-P-55110  have  a  conductor  line 
spacing  of  0.  030  in.  ,  and  the  specified  voltage  for  6225  is  100  volts  DC,  To  enable  a  com¬ 
plete  comparison  to  be  made  between  these  three  patterns  and  the  bullseye  pattern. 
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Figure  No.  43.  Surface  Resistance  Test  Specimens  After  Humidity  Test 
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INSULATION  RESISTANCE  TEST  RKSULTS  OF  TKST  PATTERN  6225  (100  VOLTS  D.C.) 
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mrasurcmciil;^  were  taken  on  the  comb  [laltenis  at  both  100  volts  and  500  volts  DC.  Figures 
44  through  4G  show  the  eurvoG  lor  iacuia*."— .  v'prcjns  time  fmeasureu  at  iOO  volts 

DC)  for  test  patterns  6225.  55110  and  com.  The  three  base  laminates  on  which  test  itat- 
teriis  were  made,  were  general  purpose  glass  epoxy  (OFl),  temperature  resistant  glass 
ctJoxy  (GB),  and  flame  retardant  glass  eitoxy  (GF).  The  curves  in  Figures  44  through  46 
arc  identified  according  to  laminate  type.  Comparing  these  curves  in  Figures  44.  45  and 
46.  the  insulation  resistance  of  all  three  te.sl  patterns  (measured  at  100  volts  DC)  on  glass 
epoxy  (GE)  had  an  initial  insulation  resistance  lower  than  cither  of  glass  epoxy  types  GB 
and  GF.  The  final  insulation  resistance  readings,  at  the  end  of  ten  days  humidity  cycling, 
of  all  three  glass  epoxy  types  were  approximately  Die  same  2  x  10^  megohms. 


Figures  47  tlirougli  49  show  insulation  resistance  versus  time  (measured  at  100  volts  DC) 
for  test  patterns  6225,  55110  and  commercial  comb  pattern  on  paper  phenolic  (PP),  glass 
melamine  (GM)  and  glass  silicone  (GS)  base  type  laminates.  The  most  significant  differ¬ 
ence  in  Figure.s  47.  48  and  49  is  that  glass  melamine  ha.s  a  lower  insulation  resistance  at 
the  end  of  the  10  day  humidity  cycling  than  either  of  the  paper  phenolic  or  glass  silicone 
laminates.  This  value  was  1. 00  x  10“^  megohms  compared  to  2.  00  x  10^  megohms  for  glass 
epoxy  types  GE.  GB  and  GF,  paper  phenolic  and  glass  silicone. 


Figures  50  through  52  show  curves  for  insulation  resistance  versus  time  (measured  at  500 
volts  DC)  for  same  type  of  test  patterns  on  base  laminates  as  in  Figures  44  through  46. 
There  was  a  larger  variation  during  the  10  day  humidity  cycling  of  insulation  resistance 
readings  at  500  volts  than  at  100  volts  for  the  three  types  of  glass  epoxy  laminates. 


The  final  resistance  readings  (after  10  day  humidity  cycling)  of  all  three  test  patterns  onthe 
glass  epoxy  base  laminates  (types  GE,  GB  and  GF)  varied  more  widely  when  measured  at 
500  volts  than  at  100  volts. 


Figures  53  through  55  show  insulation  resistance  versus  time  (measured  at  b  0  volts)  of  the 
same  insulation  test  patterns  as  in  Figures  44  through  52  but  on  base  laminates  of  paper 
phenolic,  glass  melamine  and  glass  silicone.  Comparing  these  resistance  curve-s  it  can  be 
seen  the  paper  phenolic  base  laminate  gives  a  higher  insulation  resistance  value  at  the  end 
of  the  ten  day  cycling  than  either  the  glass  melamine  or  silicone  laminates,  see  table  be¬ 
low; 


Laminate  Type 


Insulation  Resistance  (Megohms) 


Paper  Phenolic  (PP) 


313,000 


Glass  Melamine  (GM)  and 

Glass  Silicone  (GS)  - -  48,300 

Figure  56  shows  the  test  patterns  that  were  used  for  measuring  insulation  resistance  on 
the  various  laminated  base  materials. 


To  evaluate  the  test  pattern  laid  out  in  MIL-P-55110  more  completely,  a  number  of  read¬ 
ings  were  made  using  a  modified  version  of  Ini.-s  pHilern,  made  symmetrical  by  providing 
the  same  pad  and  conductor  confipcuration  at  each  end  of  the  pattern.  Subsequently,  com¬ 
parative  samples  made  in  accordance  with  the  test  pattern  were  cycled  for  ten  days. 

The  test  results  from  these  boards  are  tabulated  below.  Comparison  with  the  55110  re¬ 
sults  tabulated  in  Table  XXV  and  XXVIII  show  close  enough  correlation  to  allow  the  results 
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Figure  Nf).  5G.  Insulation  Resistance  Test  Patterns 
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obtained  on  the  modifiod  pallern  to  be  used  lor  this  task.  Comparative  results  are 
tabulated  below: 

INSULATION  RESISTANCE  (In  Megohms) 

START  OF  TEST  CONCLUSION  OF  TEST 


Material  Test 
Volt 

Modified 

Pattern 

Regular 

Pattern 

Modified 

Pattern 

Regular 

Pattern 

GE 

500 

2.36  X  10^^ 

2.44  X  10® 

3.2  X  10® 

4.  61  X  10® 

GE 

100 

2.  41  X  10*^ 

1.40  X  lo'^ 

2.  69  X  10® 

3.  41  X  10® 

GB 

500 

1.  52  X  10^ 

1.75  X  10® 

1.  14  X  10® 

1.  25  X  10® 

GD 

100 

4. 13  X  10^ 

2.  11  X  10® 

2.58  X  10® 

1.0  X  10® 

GF 

500 

1.  80  X  10® 

1.40  X  10® 

1.  12  X  10® 

1. 18  X  10® 

GF 

100 

4.  86  X  10® 

3.41  X  10® 

3.  24  X  10® 

2,  11  X  10® 

GM 

500 

1.3  X  10^ 

1.3  X  10^ 

5  X  lo'^ 

7.  11  X  10*^ 

GM 

100 

2.  77  X  10*^ 

3.  61  X  lo'^ 

1.71  X  10^ 

2.  13  X  10*^ 

GS 

500 

2.94  X  10® 

2.  75  X  10® 

1.  64  X  lo'^ 

1.  55  X  10*^ 

GS 

100 

4,9  X  lo'^ 

5.  4  X  lo”^ 

3.82  X  10® 

2.  11  X  10® 

PX 

500 

7.  60  X  lo'^ 

2.41  X  lo"^ 

2. 12  X  10® 

2.01  X  10® 

PX 

100 

2.  56  X  10*^ 

2.  64  X  lo’^ 

2. 13  X  10® 

2.  11  X  10® 

GT 

500 

3.33  X  10® 

3,  14  X  10® 

1.33  X  10® 

1.41  X  10® 

GT 

100 

1. 93  X  10® 

1.70  X  10® 

1.49  X  10® 

1.  38  X  10® 

From  the  data  presented  in  Tal)lcs  XXIV  through  XXIX,  and  Figures  44  through  55,  the 
correlation  between  all  of  tlio  lest  patterns  and  base  materials  were  fairly  consistent  in 
insulation  resistance  values  wlien  all  100  volt  DC  measurements  are  compared  with  each 
other  and  500  volt  DC  measurements  are  compared  with  each  other. 

Tables  XXX  and  XXXI  show  the  insulation  resistance  test  values  of  paper  epoxy  and  glass 
teflon  measured  at  100  and  500  volts  DC.  Figures  57  through  60  show  insulation  resistance 
versus  time  of  four  different  test  pattern  designs  (6225,  55110,  Com.  and  Bullseye)  on 
paper  epoxy  and  glass  teflon  base  laminates.  The  initial  resistance  readings  of  the  glass 
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teflon  specimens  were  liiphor  than  the  paper  epoxy  specimens.  Other  than  this  one  varia¬ 
tion  between  these  em  ves  in  Figures  57  throunh  60.  eood  reoroduciblc  resistance  value.s 
both  at  100  and  500  volts  DC  was  accomplished  for-  paper  epoxy  and  glass  teflon  base 
.  laminates. 

Test  boards  111  through  126  were  bullseye  test  specimens  on  several  types  of  base  lam¬ 
inates.  tested  to  establish  the  technique  for  measuring  in.sulation  resistance  under  humidity 
conditions,  the  effect  of  different  cleaning  procedures  and  to  compare  insulation  resistance 
values  for  reproducibility  of  results  between  bullseye  patterns  and  the  comb  patterns.  See 
Table  XXXII  for  the  surface  resistance  values  reported  in  megohms,  and  Figures  61  and  62 
for  the  change  in  surface  resistance  values  during  10  day  humidity  cycling  condition. 

There  was  very  little  effect  on  the  insulation  resistance  measurements  when  employing  the 
two  types  of  cleaning  procedures  as  described  in  paragraph  3.  2  of  this  Task.  The  paper 
epoxy  and  glass  teflon  insulation  test  specimens  were  cleaned  by  the  second  cleaning 
method  as  described  in  paragraph  3.  2. 1  of  this  Task.  This  method  is  more  practical  in 
production  and  will  still  produce  clean  surfaces  of  any  test  specimens  which  would  be  tested 
for  insulation  resistance. 

Bases  on  this  work  under  Task  B,  an  insulation  resistance  test  procedure  to  give  reproduc¬ 
ible  insulation  resistance  test  results  is  described  in  Appendix  C  at  the  end  of  this  report. 

3. 6  Conclusions 

1.  The  measurement  of  insulation  resistance  under  humidity  chamber  conditions  can  be 
ehectively  accomplished  on  either  a  comb  pattern  or  a  bullseye  pattern.  A  number  of 
reasons  however,  dictate  the  strong  recommendation  that  the  bullseye  be  used  in  pref¬ 
erence  to  the  comb,  these  are: 

a)  The  bullseye  may  be  used  not  only  for  insulation  resistance,  but  also  for  volume  and 
surface  resistivity.  This  is  not  practical  with  a  comb. 

b)  When  the  comb  pattern  line  spacing  is  less  than  .  060  inches,  and  measurements  are 
made  with  500  volt  potential,  more  erratic  results  are  obtained. 

c)  When  wires  must  be  soldered  to  the  pattern  for  external  connection  to  measuring 
equipment,  there  is  more  possibility  of  flux  or  solder  contamination  between  con¬ 
ductors. 

d)  The  bullseye  pattern  is  more  easily  standardized. 

2.  The  following  factors,  based  on  the  work  performed  in  this  Task,  should  be  followed 

in  order  to  pro])erly  design  a  humidity  cabinet  which  will  give  consistent  and  reproduc¬ 
ible  insulation  resistance  readings  (under  any  humidifying  conditions). 

a)  All  conductors  inside  the  chamber  should  be  teflon  insulated  shielded  coaxial  cable. 

b)  Any  insulation  material  needed  for  internal  chamber  fixtures  should  be  made  of 
teflon  because  of  its  high  electrical  resistance  and  water  repellant  qualities. 

c)  All  terminal  electrode  connections  should  be  designed  so  that  they  may  bo  grounded 
either  dui  ing  iesiiug  oj-  -when  idle.  (Grounding  is  necessary  to  prevent  stray 
electrostatic  charges  from  building  up  on  the  test  specimen  surface. ) 

d)  A  current  leakage  history  of  each  functional  part  of  the  test  chamber  should  be  per¬ 
formed  to  determine  the  degree  of  current  leakage  that  is  taking  place  when  using 
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Not  averaged  in  total. 


TABLE  XXXII  (CONT) 

CALCULATED  SURFACE  RESISTANCE  VALUES  ON  DULLSEYE  SPECIMENS 


a  500  volt  DC  power  source.  Measurements  .should  l)e  made  williout  samples  con- 
iioctod  to  the  electrodes  and  under  tlio  same  humidity  conditions  used  in  testine,. 

c)  Current  leakai^e  should  be  at  least  one  power  of  10  less  than  the  current  required 
for  the  sample  beiup  tested.  (This  mcaius  the  eonditioninp  cabinet  and  coa-xa!  leads 
should  have  a  current  ieakape  rate  less  than  material  boinp  tested  in  order  to  pive 
i',ood  representathe  insulation  tost  values  for  material  bcinp  tested.  ) 

Tlie  instrumentation  for  measuring  insulation  resistance  (surface  and  volume  rcsiat  - 
anec)  to  an  accuracy  of  ±6%  at  10^^  ohms  ranpo  can  be  accomplished  by  tlie  indirect 
method.  The  resistance  values  are  figured  by  measuring  the  current  with  a  Keithlcy 
Electromotor  Model  610A  and  dividing  the  current  readinp  into  the  DC  vollape  applied 
to  tlie  test  specimen,  (It  should  be  kci:t  in  mind  that  the  voltape  supply  must  bo  ac¬ 
curately  known. ) 

It  was  found  that  either  eleaninp  procedure,  as  stated  in  paraprajih  3.2.  1  eleaned  the 
coiipor  surface  well  onoupli  to  reduce  contamination  and  enable  pood  test  results. 

Sjiecimens  to  be  measured  should  be  pre-conditioned  at  80°  ±3°C  for  one  hour  in  an 
air  circulalinp  oven  and  handled  with  lint  free  ploves.  This  jire-conditioninp  is  neces¬ 
sary  to  insure  uniform  rcadinps  of  specimens  at  start  of  test. 

Insulation  test  pattorn.s  6225.  55110  (as  described  in  Military  Specifications  SCL-6225 
and  MIL-P-55110  respectively),  and  the  commercial  comb  pattern  on  base  material 
plass  epoxy  types  GE,  GB  ami  GF  jiapor  jihenolic  and  plass  silicone,  had  tiiial  insula¬ 
tion  resistance  values  (at  the  end  ot  10  day  cycUnp)  within  25%  of  each  other  when 
measured  at  100  volts  DC. 

The  insulation  resistance  of  plass  melamine  wlion  measured  at  100  volts  DC  was  about 
100  times  lower  than  the  laminates  mentioned  in  conclusion  6. 

Insulation  resistance  measurements  made  at  500  volts  DC  were  not  as  consistent  as  at 
100  volts  DC.  This  was  probably  due  to  an  incorrect  air  pap  between  conductors. 

(The  air  pap  was  only  .  030  in.  which  is  50%  lower  than  wdiat  is  penerally  required  for 
500  volt  DC  measurements  when  in.sulation  resistance  values  are  required.) 

Tlie  insulation  resistance  values  of  test  patterns  6225,  55110  and  commercial  comli 
patterns  on  paper  epoxy  and  plass  tellon  (measured  at  100  and  500  volts  DC)  were 
within  15%  of  each  other. 

The  glass  epoxy  GB  bullseye  specimens  copper  clad  on  one  side  pive  a  liipher  surface 
resistance  reading  than  copper  clad  on  two  sides. 


4.  Task  C  -  Peel  Strength  After  Dip  Solder 


4.1  Approach 


To  perform  peel  strength  tests  on  specimens  tested  after  solder  dip  in  accordance  with  test 
method  specified,  in  MIL-P-13949B.  To  evaluate  reproducibility  of  test  results  by  compar¬ 
ing  results  using  specified  method  with  results  obtained  by  introducing  such  variables  as 
(a)  controlled  amounts  of  solder  deposited  on  specimens  and  (b)  removal  of  excess  solder 
by  some  suitable  means. 

To  accomplish  the  above  approach,  two  procedures  are  discussed;  (1)  vertical  solder  dip, 
and  (2)  chemical  etching  of  a  solder  deposited  film  on  copper, 

4.2  Specimen  Fabrication 

The  peel  strength  test  patterns  were  made  as  specified  in  MIL-P-13949B.  The  base  mate¬ 
rials  used  for  the  peel  strength  specimens  were  as  follows: 

1.  Phenolic  resin  -  paper  base  (type  PP) 

2.  Epoxy  resin  -  paper  base  (type  PX) 

3.  Epoxy  resin  -  glass  fabric  base  (type  GE,  GB  &  GF) 

4.  Silicone  resin  -  glass  fabric  (type  GS) 

5.  Melamine  resin  -  glass  fabric  (type  GM) 

6.  Teflon  resin  -  glass  fabric  (type  GT) 

Five  specimens,  1"  x  3"  x  1/8''  thick  were  made  for  each  of  the  material  types  as  specified 
above  and  additional  five  specimens  1"  x  3"  x  1/32"  thick  made  of  paper  base  phenolic  and 
paper  base  epoxy  base  materials.  In  all  cases,  one  complete  series  of  specimens  were 
made  with  one  oz.  copper  one  side  and  one  complete  series  with  two  oz.  copper  one  side. 
Five  specimens  were  prepared  for  each  type  of  material  from  at  least  three  manufacturers. 
The  printing,  etching  and  cleaning  of  the  specimens  were  done  as  outlined  in  Appendix  b  at 
the  back  of  the  report. 

4.3  Test  Procedures  for  Controlling  Solder  Deposit 

The  solder  bath  temperatures  are  as  specified  in  MIL-P-13949B.  To  establish  a  method 
which  could  be  related  to  production  procedures  a  dip  solder  approach  was  used  to  relate 
effect  of  the  solder  deposit  on  peel  strength  values.  The  following  procedures  are  dis¬ 
cussed  below: 

4.3.1  Vertical  Solder  Dip  -  Several  test  specimens  of  each  base  laminate  (1  and  2  oz. 

copper)  out  of  a  group  of  five  specimens  were  first  cleaned  as  outlined  in  Appendix  B. 
The  surface  of  the  copper  peel  strip  on  the  base  laminate  was  coated  with  a  flux 
before  dip  soldered.  Specimen  was  then  vertically  dipped  into  the  solder  bath.  The 
immersion  time  for  each  specimen  was  dependant  on  the  type  of  base  material  as 
specified  in  ivGL-P-13949B.  While  the  specimen  was  being  removed  from  the  solder 
bath,  a  silicone  rubber  scraper  was  used  to  remove  the  excess  solder  from  the 
copper  surface.  Tests  indicated  tnat  a  solder  film  range  of  0.1  to  0.8  MIL  was  ob¬ 
tained  (film  tolerance  of  i  0.2  MIL)  on  the  surface  of  the  copper  when  the  above 
procedure  was  followed. 
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4.3,2  Cliemical  Etcliina.  of  Solder  Depo.sitt?d  Film  on  Copper  -  Tlio  balaneo  of  tliree  speci¬ 
men  s~of  eacdi~KiTHTpT)r  five  .specimens  net-  vendor  fur  eacli  base  material  were  solder 
dipped  I'jy  immersing  tlie  spocinien  horizontally  witli  the  copper  .stii  faci-  lace  dowm  to 
t!io  solder  bath  in  accordance  w'ith  the  procedure  in  MIL-P-1  3049B.  Dippin;;  the 
.si)ecimcn  in  this  fashion  allowed  approximately  a  14-18  MIL  solder  film  to  be  depos- 
iieti  on  the  copper  .surface  of  the  tost  specimen.  Initially,  .several  specimens  were 
etched  with  varyine;  concentrations  of  hydrochloric,  acid  (HCL)  and  sodium  hydroxide 
solution.s  (NAOIl).  'fhe  concentration  of  both  solutions  wa.s  varied  from  25  to  75'"  but 
was  found  to  be  impractical  to  use  as  an  etchant  to  etch  away  the  solder  film  from 
the  base  copper  because  of  chemical  attack  to  the  base  laminate  and  copper  adhesive 
in  some  cases.  After  further  investigation  a  commercial  lead-tin  stripper  .solution 
No.  1101  was  found  which  wa.s  non-corrosive  to  the  base  copper,  and  showed  no  evi¬ 
dence  of  chemical  attack  on  any  of  the  test  specimens.  The  rate  of  etchine:  away  a 
solder  film  from  tiie  base  copper  was  found  to  be  1  MIL  per  10  minutes  of  soakinp;. 


AlthouKli  the  rate  of  etchinp;  away  the  solder  film  from  the  copper  strip  was  uniform, 
the  original  test  specimens  had  an  irregular  .solder  film  thickness  on  each  specimen, 
with  variations  of  solder  film  thickness  from  one  end  of  the  specimen  to  the  other 
ranuins  from  1  and  4  MILS.  Therefore,  only  a  uniform  rate  of  etchinp;  aw'ay  the 
solder  film  was  achieved.  Knowinp;  the  rate  of  etcliine,'  the  solder  film  away  from  the 
copper  strip,  an  estimated  time  for  arrivinp:  at  a  per-determined  snider  film  thick¬ 
ness  w'as  achieved  only  to  the  extent  that  the  nrio'inal  unetched  solder  film  copper 
strip  test  specimen  wa.s  fairly  uniform  in  .solder  film  tliickness.  The  base  copper 
thickness  wa.s  measured  first  and  then  the  total  thickness  of  both  copper  and  solder 
film  was  measured.  Several  readinp:s  were  taken  per  .specimen  to  arrive  at  an  aver¬ 
age  .solder  film  thickness  at  the  point  the  peel  strip  wa.s  peeled. 


4,4  Analysis  of  Peel  Test  Rc.sults 

Tlie  dip  solderinp'  and  chemical  etchinp;  operations  were  performed  on  225  test  specimens 
as  described  in  parap;raph  4.3.  The  peel  .stronR;th  test  results  of  these  tp.st  speeimens  are 
reported  in  Tables  33  tliroiip;h  50.  In  the  column  marked  Chemical  Etchinp;  Solution,  (.see 
tables  33  throup:li  50)  those  specimens  marked  with  a  number  1101  have  been  chemically 
etclied  before  peel  tostinp:.  The  other  specimens  were  either  tested  in  "as  dipped"  condi¬ 
tion  or  wiped. 

FijTure  No.  63  show.*:  two  specimens  of  pjlnss  epoxy  (GE)  and  two  of  p;la.ss  melamine  (GM) 
before  and  after  peel  testinp,,  respeidively.  The  pei'l  .strenp;th  test  re.sults  reported  in 
Tables  33  thrnup;li  50  were  plotted  in  Finures  64  through  71  to  show  tlie  variation  of  peel 
strenp;th  (Ibs./inch-widtli)  witli  varying  amounts  of  solder  on  the  copjier  surface. 


The  p;raphi(ail  results  show  tliat  with  increasinp;  solder  film  thickness  on  a  copper  test 
strip  the  peel  strength  increases.  It  .should  be  noted  that  the  peel  strength  increases  at  a 
faster  rate  with  1-5  MILS  of  solder  film  on  the  copper  than  any  further  increase  of  solder 
film  thickue.ss  (Figures  64  -  69).  Because  of  a  large  variation  of  peel  stnaigth  test  re.sults 
on  tlie  base  laminates  tested,  no  reproducibility  basis  could  bo  arrived  at  between  tiie  types 
of  base  materials  tested,  (refer  to  paragraph  4.2  for  laminate  types).  Because  there  was 
an  appreciable  variation  between  the  peel  test  results  on  the  base  laminates  tested,  only  a 
band  showing  an  approximate  upper  and  lower  limit  could  be  shown,  (Figures  64  through  71), 

The  glass  teflon  peel  test  data  showed  very  low  peel  strength  as  compared  to  tlie  rest  of 
the  peel  test  results,  (see  Figures  70  and  71).  This  is  undoubtedly  due  to  the  normal  diffi¬ 
culties  involved  in  bonding  to  a  fluorcarlxin  surface  because  of  the  nonwetability  character¬ 
istics  of  this  material. 
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PEEL  STRENGTH  TEST  RESULTS  AFTER  SOLDER  DIP  AND  CHEMICAL  ETCHING  OF  GLASS  EPOXY  -  GB 

(1/8  INCH  THICKNESS  -  1  OZ.  COPPER) 
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Figure  No.  63.  Peel  Strength  Specimens  After  Solder  Dip 
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4  5  Cop.olusions 

The  followinp;  conclusions  are  based  on  test  data  performed  and  reported  under  tiiis  Task. 

1.  The  original  intent  of  this  Task  was  to  evaluate  the  reproducibility  of  results  oirtained 
on  bond  strength  of  copper  foil  after  dip  soldering.  After  evaluating  the  data  obtained 
from  more  than  200  samples,  the  results  arc  so  scattered  tliat  it  is  only  possible  to 
state  that  the  results  reproduce  in  general,  only  to  the  extent  that  there  is  a  consistent 
increase  in  bond  strength  with  increase  in  thickness  of  solder  film.  This  general  in¬ 
crease  probably  results  from  two  main  factors  (1)  some  additional  curing  of  the  bonding 
resin  by  the  heat  of  the  solder  pot.  and  (2)  an  increased  amount  of  force  necessary  to 
bend  the  extra  layer  of  solder,  while  simultaneously  separating  the  copper  from  the 
base  laminate. 

2.  The  wide  scattering  of  results,  not  only  within  each  range  of  solder  thickness,  but  also 
for  each  type  of  material,  thickness  of  material  and  weight  of  copper,  undoubtedly  stems 
from  all  or  a  combination  of  the  following  factors: 

(1)  Variations  in  laminating  conditions  of  the  original  material, 

(2)  Localized  variation  in  thickness  of  the  copper  foil. 

(3)  Localized  variation  in  thickness  of  the  solder  film, 

(4)  Variation  in  additional  cure  of  bonding  resin  generated  by  (2)  and  (3)  above. 

(5)  Minor  variations  in  test  procedure. 

5,  Task  D  -  Peel  Strongth_at  Elevated  Temperature 

5.1  Approach 

To  perform  peel  strength  tests  at  specified  elevated  temperatures  in  accordance  with  test 
method  specified  in  r.liL-P-13949B,  The  basic  test  chamber  design  and  specimen  fabri¬ 
cation  is  discussed.  The  peel  strength  test  results  are  reported  and  an  analysis  of  the 
data  made  in  the  following  pages. 

5.2  Specimen  Preparation 

The  peel  strength  test  pattern  was  made  as  specified  in  MIL-P-13949B  and  the  base  mate¬ 
rials  are  the  same  as  specified  in  MIL-P-13949B.  Two  additional  base  materials  (not 
specified  in  MIL-P-13949B)  are  included  in  the  peel  strength  testing,  paper  epoxy  and  glass 
teflon.  Specimens  were  1”  x  3"  x  1/32"  thick  and  1"  x  3"  x  1/8"  thick  (pattern  per  MIL-P- 
13949B)  for  all  materials.  One  set  of  specimens  had  one  oz,  copper  on  one  side  and  an¬ 
other  set  of  five  specimens  had  two  oz.  copper  on  one  side.  Five  .specimens  for  each  type 
material  from  at  least  three  manufacturers  were  tested  for  each  condition. 

The  test  specimens  were  processed  according  to  the  procedure  set  forth  in  Appendix  B  at 
the  back  of  tlic  report. 

5.3  Design  of  High  Temperature  Test  Chamber 


Figure  No.  72  shows  the  completed  high  temperature  peel  strength  test  chamber.  The  metal 
chamber  is  lined  with  1/4  inch  asbestos  board  and  equipped  with  a  tempered  glass  in  the 
door  as  shown  in  Figure  No.  72.  The  two  aluminum  blocks  (sec  Figure  No,  72)  are  part  of 
the  test  specimen  fixture  which  holds  the  specimen  in  position  during  the  perl  tost.  Not 
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Figure  No.  72  -  Front  View  of  the  Elevated  Temperature  Peel  Test  Chamber 
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sliown  ill  Fuiuro  Nci.  72  are  two  teflon  spacers  which  po  between  the  test  specimen  aiul  the 
specimen  fixture.  A  hiph  strength  wire  was  fastened  to  the  jaws  of  the  clampino;  device 
(clampinp:  device  is  shown  in  Fit^ure  No.  72).  The  wire  has  a  spring  clamp  at  the  otlier  end 
which  clamped  to  the  t»-tiw  copper  foil.  A  thermostat  probe  was  inserted  near  tlie  test 
specimen.  Tlie  heat  was  supplied  by  a  600  watt  resi.stance  coil  heater  whicli  is  fastened 
inside  the  chamber.  Calibration  was  performed  to  find  the  right  dial  setting  on  tlie  rheostat 
to  correspond  to  the  temperature  reading  desired. 

For  measuring  the  temperature  in  the  test  chamber  a  Fenwal  Bead  No.  GB34P0  and  teflon 
wire  plus  a  temperature  meter  indicating  temperature  directly  was  used  to  monitor  the  test 
peel  temperature.  (See  Figure  No.  72.)  For  the  dimensions  and  overall  detailed  design  of 
tlie  test  chamber,  see  Figure  No.  73.  It  should  be  noted  that  the  test  chamber  is  portable 
and  was  bolted  to  the  test  plate  on  the  peel  tester  {see  Figure  No.  ^). 

OX 

See  Figure  NO.  74  for  the  electrical  circuit  hook-up. 

5.4  Test  Procedure 


The  elevated  peel  test  chamber  was  heated  to  the  desired  test  temperature  and  allowed  to 
reach  equilibrium  before  the  specimen  was  put  in  the  chamber.  The  test  specimen  copper 
strip  was  peeled  back  enough  to  allow  the  clamp  in  the  test  chamber  to  take  hold  of  the  peel 
strip.  The  specimen  was  then  placed  in  the  specimen  device  and  the  two  Allen  head  screws 
were  tightened  down  on  the  teflon  spacers  between  screw  and  test  .specimen.  The  chamber 
door  was  closed  and  the  specimen  allowed  to  soak  for  one  hour  before  performing  the  peel 
test.  All  tests  were  performed  at  the  elevated  temperature  in  the  oven,  (Test  temperature 
was  held  at  ;  2'^’  F.)  For  comparison,  some  of  the  test  specimens  were  soaked  in  an  air 
circulating  oven  for  1  hour  before  peel  testing.  It  took  30  seconds  to  transfer  the  specimen 
from  oven  to  test  chamber,  and  very  little  difference  was  found  in  the  peel  test  values. 

5.5  Analysis  of  Elevated  Peel  Test  Results 

Tables  51  tlirougli  69  show  the  peel  test  results.  A  summary  of  both  1  and  2  oz.  peel  test 
results  for  all  the  materials  are  in  Tables  70  and  71.  Referring  to  these  tw’o  summary 
tables,  it  can  be  seen  that  the  peel  strength  for  all  of  the  test  speciments  was  reduced  by 
approximately  50%,  comparing  with  those  as  specified  for  MIL-P-13949B.  The  peel 
strength  data  for  the  1/32”  material  was  lower  than  the  1/8”  because  at  elevated  tempera¬ 
tures  the  1/32”  material  will  give  more  than  the  1/8"  material  because  of  a  smaller  cross 
sectional  area. 


5.6  Conclusions 


The  foUwoing  conclusions  are  based  on  test  data  reported: 

1.  The  peel  test  elevated  test  chamber  design  was  satisfactory  to  fulfill  tost  roquircnicnt.s 
set  forth  in  MIL-P-13949B. 

This  chamber  design  did  not  have  a  circulating  air  system,  consequently  elevated  peel 
tests  were  performed  without  circulating  air  and  test  speciments  were  pre-conditioned 
for  one  hour  in  a  circulating  air  oven.  Very  little  difference  was  observed  when  two 
like  test  speciments  were  tested  at  the  same  temperature,  but  conditioned  differently. 

2.  There  was  slight  discoloration  of  all  laminate  base  types  when  pulled  at  the  specified 
test  temperature. 

3.  The  elevated  peel  test  results  of  all  copper  clad  laminate  speciments  (1  and  2  o/..  coijjtcr} 
showed  approximately  50  to  70%  reduction  in  peel  strength  value. 
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F^ONT  i^^E^'DOOR  OP£H 

PL/^TE  MOT  SPOyVAJ 


t’igure  No.  73,  Elevated  Temperature  Test  Chamber 
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Figure  No.  74.  Electrical  Circuit  For  Test  Chamber 
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TABLE  LI 


PEEL  STRENGTH  TEST  RESULTS  OF  PAPER  PHENOLIC  OF  MANUFACTURER  A 


(TESTED  AT  248“  F.) 


Spec. 

No. 

Laminate 

Thickness 

(Inch) 

Copper 
Foil  \Vt. 
(Oz.) 

Base 

Laminate 

1 

1/32 

1 

Paper 

Phenolic 

(PP) 

2 

1/32 

1 

Paper 

Phenolic 

(PP) 

3 

1/32 

1 

Paper 

Phenolic 

(PP) 

4 

1/32 

1 

Paper 

Phenolic 

(PP) 

Test  Peel 
Temp.  Strength 
“F  (Lbs/Inch) 


Peel  Test 
Value  Per 
MIL-P-13949B 


Average  Peel  Test  Value 


1/32 

2 

Paper 

Phenolic 

(PP) 

1/32 

2 

Paper 

Phenolic 

(PP) 

1/32 

1  ^ 

Paper 

Phenolic 

(PP) 

1/32 

2 

Paper 

Phenolic 

(PP) 

_ - _ _ _ 1 

Average  Peel  Test  Value 


1 - 

9 

1/8 

1 

Paper 

Phenolic 

(PP) 

10 

1/8 

1 

Paper 

Phenolic 

(PP) 

11 

1/8 

1 

Paper 

Phenolic 

(PP) 

TABLE  LI  (CONT) 


PEEL  STRENGTH  TEST  RESULTS  OF  PAPER  PHENOLIC  OF  MANUFACTUBER  A 

(TESTED  AT  248"  F.) 


Spec. 

No. 

Laminate 

Thiclaiess 

(Inch) 

Copper 
Foil  V/t. 
(Oz.) 

Base 

Laminate 

Manufacturer 

Test 

Temp. 

'F 

Peel 
Strength 
(Lbs /inch) 

Peel  Tost 
Value  Per 
MIL- P-13949  B 

12 

1/8 

1 

Paper 

Phenolic 

(PP) 

A 

248 

3.10 

6 

Average  Peel  Test  Value 

3.30 

6 

13 

1/8 

2 

•  Paper 
Phenolic 
(PP) 

A 

248 

3.76 

7 

14 

1/8 

2 

Paper 

Phenolic 

(PP) 

A 

248 

4.04 

7 

15 

1/8 

2 

Paper 

Phenolic 

(PP) 

A 

248 

4.15 

7 

16 

1/8 

2 

Paper 

Phenolic 

(PP) 

A 

248 

3.94 

7 

Average  Peel  Test  Value 

3.75 

7 
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TABLE  Lll 

PEEL  STRENGTH  TEST  RESULTS  OF  PAPER  PHENOLIC  OF  MANUFACTURER  B 

(TESTED  AT  248"  F.) 


Spec. 

No. 

Laminate 

Thicki'icss 

(Inch) 

Copper 
Foil  Wt. 
(Oa.) 

Base 

Laminate 

Manufacturer 

Test 

Temp. 

TP 

Peel 

Strength 

(LBs/Inch) 

Peel  Test 

Value  Per 
MIL-P-13949  B 

■ 

1/32 

1 

Paper 

Phenolic 

(PP) 

B 

248 

1.02 

6 

18 

1/32 

1 

Paper 

Phenolic 

(PP) 

B 

248 

1.00 

6 

19 

1/32 

1 

Paper 

Phenolic 

(PP) 

B 

248 

1.00 

6 

20 

_ ^ 

1/32 

1 

Paper 

Phenolic 

(PP) 

B 

248 

1,20 

6 

Average  Peel  Test  Value 

1.21 

6 

21 

1/32 

2 

Paper 

Phenolic 

(PP) 

B 

248 

3.00 

7 

22 

1/32 

2 

Paper 

Phenolic 

(PP) 

B 

248 

3.40 

7 

23 

1/32 

2 

Paper 

Phenolic 

(PP) 

B 

248 

3.20 

7 

24 

1/32 

2 

Paper 

Phenolic 

(PP) 

B 

248 

3.90 

7 

Average  Peel  Test  Value 

3.38 

7 

25 

1/8 

1 

Paper 

Phenolic 

(PP) 

B 

248 

3.62 

6 

1 

1/8 

1 

Paper 

Phenolic 

(PP) 

B 

248 

2.48 

6 

I 
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TABLE  LII  (CONT) 


PEEL  STRENGTH  TEST  RESULTS  OF  PAPER  PHENOLIC  OF  MANUFACTURER  B 

(TESTED  AT  248  '  F.) 


Spec. 

No, 

Laminate 

Thickness 

(Inch) 

Copper 
Foil  Wt. 
(Oz.) 

Base 

Laminate 

Manufacturer 

Test 

Temp. 

'"F 

Peel 
Strength 
(Lbs /Inch) 

Peel  Tost 

Value  Per 
MIL-P-13949n 

27 

1/8 

1 

Paper 

Phenolic 

(PP) 

B 

248 

3.81 

6 

28 

1/8 

1 

Paper 

Phenolic 

(PP) 

B 

248 

3.70 

6 

Average  Peel  Test  Value 

3.41 

6 

29 

1/8 

2 

Paper 

Phenolic 

(PP) 

- 1 

B 

248 

5.00 

7 

30 

1/8 

2 

Paper 

Phenolic 

(PP) 

B 

248 

5.00 

7 

31 

1/8 

2 

Paper 

Phenolic 

(PP) 

B 

248 

5.10 

7 

32 

1/8 

2 

Paper 

Phenolic 

(PP) 

B 

248 

4.80 

7 

Average  Peel  Test  Value 

4.98 

7 

TABLE  LIIl 


PEEL  STRENGTH  TEST  RESULTS  OF  PAPER  PHENOLIC  OF  MANUFACTUHEH  C 

(TESTED  AT  248”  F.) 


Spec. 

No. 

Laminate 

Thickness 

(Inch) 

Copper 
Foil  Wt. 
(Oz.) 

Base 

Laminate 

Manufacturer 

Test 

Temp. 

T 

Peel 

Strength 

(Lbs/Inch) 

Peel  Test 

Value  Per 
MIL-P-13949B 

33 

1/32 

1 

Paper 

Phenolic 

(PP) 

C 

2,00 

6 

34 

1/32 

1 

Paper 

Phenolic 

(PP)^ 

.  C 

Hi 

2.00 

6 

35 

1/32 

1 

Paper 

Phenolic 

(PP) 

C 

248 

2.00 

6 

36 

1/32 

_ 

1 

Paper 

Phenolic 

(PP) 

c. 

248 

2.58 

6 

Average  Peel  Test  Value 

2.  14 

6 

37 

1/32 

2 

Paper 

Phenolic 

(PP) 

C 

248 

6,00 

7 

38 

1/32 

2 

Paper 

Phenolic 

(PP) 

c 

248 

6.50 

7 

39 

1/32 

2 

Paper 

Phenolic 

(PP) 

c 

248 

4.95 

7 

40 

1/32 

2 

Paper 

Phenolic 

(PP) 

c 

248 

4.89 

7 

Average  Peel  Test  Value 

5.58 

7 

41 

1/8 

1 

Paper 

Phenolic 

(PP) 

c 

248 

2.99 

6 

42 

1/8  . 

1 

Paper 

Phenolic 

(PP) 

c 

248 

2.00 

6 

_ 

i 

I 
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TABL.E  LIII  (CONT) 

PEEL  STRENGTH  TEST  RESULTS  OF  PAPER  PHENOLIC  OF  MANUFACTURER  C 

(TESTED  AT24rF0 


Spec . 
No. 

Laminate 

Thickness 

(Inch) 

Copper 
Foil  Wt. 
(Oz.) 

Base 

Laminate 

Manufacturer 

Test 

Temp. 

'F 

Peel 
Strength 
(Lbs /Inch) 

Peel  Test 
Value  Per 
MIL-P-13949B 

42 

1.  8 

1 

Paper 

Phenolic 

(PP) 

C 

248 

3.00 

G 

44 

1  8 

1 

Paper 

Phenolic 

(PF) 

C 

248 

2.71 

6 

1  Average  Peol  Test  Value 

2.68 

G 

1 

45 

1/8 

2 

Paper 

Phenolic 

(PP) 

C 

248 

5.95 

7 

40 

1/8 

2 

Paper 

Phenolic 

(PP) 

C 

248 

6.40 

7 

47 

1/8 

2 

Paper 

Plienolic 

(PP) 

C 

248 

5.55 

7 

4b 

1/8 

2 

*’aper 

Phenolic 

(PP) 

C 

248 

5.00 

. . . . .  . . . . . .  1 

7 

AveraRe  Peel  Test  Value 

5.73 

7 

TABLE  LIV 


PEEL  STRENGTH  TEST  RESULTS  OF  PAPER  EPOXY  OF  MANUFACTURER  A 


(TESTED  AT  248“  F. 


Spec. 

No. 

Laminate 

Thickness 

(Inch) 

Copper 
Foil  Wt. 
(Oz.) 

Base 

Laminate 

49 

1/32 

1 

Paper 

Epoxy 

(PX) 

50 

1/32 

1 

Paper 

Epoxy 

(PX) 

51 

1/32 

1 

Paper 

Epoxv 

(PX) 

52 

1/32 

1 

Paper 

Epoxv 

(PX) 

Test  I  Peel 


Peel  Test 


“F  (Lbs/Inch)  MIL-P-13949B 


AveragePeel  Test  Value 


53 

1/32 

2 

Paper 

Epoxv 

(PX)’ 

54 

1/32 

2 

Paper 

Epoxv 

(PX)’ 

55 

1/32 

2 

Paper 

Epoxy 

(PX) 

56 

1/32 

_ _ 

2 

Paper 

Epoxy 

(PX) 

Average  Peel  Test  Value 


57  1/8 


Fbper 

Epoxy 

(PX) 


58  1/8 


59  1/8  I  1  I  (PX)  I  A  248  4.00  9 


1  Refer  to  Task  E  on  Peel  Strength  Values  in  the  Summary  Table  on  Physical  Properties 
of  Paper  Epoxy 
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TABLE  LIV  (CONT) 


PEEL  STHENGTH  TEST  RESULTS  OF  PAPER  EPOXY  OF  MANUFACTURER  A 

(TESTED  AT  248“  F.) 


Spec. 

No. 

Laminate 

Thickness 

(Inch) 

Copper 
Foil  Wt. 
(Oz.) 

Base 

Laminate 

Manufacturer 

Test 

Temp. 

°F 

Peel 

Strength 

(Lbs/Inch) 

Peel  Test 
Value  Per 
MIL-P-13949B 

60 

1  8 

1 

Paper 

Epoxy 

(PX)‘ 

A 

248 

4.99 

9 

Avcrafic  Peel  Test  Value 

4.24 

9 

61 

1  8 

2 

Paper 

Epoxy 

(PX)' 

A 

248 

5.60 

13 

62 

1/8 

2 

Paper 

Epoxy 

(PX) 

A 

248 

5.20 

13 

63 

1/8 

2 

Paper 

Epoxy 

(PX) 

A 

248 

5.25 

13 

64 

1/8 

2 

Paper 

Epoxy 

(PX) 

A 

248 

5,45 

13 

Average  Peel  Test  Value 

5.38 

13 

1  Refer  to  Task  E  on  Peel  Strength  Values  in  the  Summary  Table  on  Physical  Properties 
of  Paper  Epoxy 
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TABLK  LV 


PKKl.  STRENGTH  TEST  RESULTS  OF  PAPER  EPOXY  OF  MANUFACTURER  R 

(TESTED  AT  246°  F.) 


Spec. 

No. 

Laminate 

Thickness 

(Inch) 

Copper 
Foil  Wt. 
(Oz.) 

Base 

Laminate 

Manufacturer 

Test 

Temp. 

op 

Peel 

Strength 

(Lbs/Inch) 

Peel  Test 
^  Value  Per 
MIL-P-13949B 

65 

1/32 

I 

Paper 

Epoxy 

(PX) 

B 

248 

2.00 

9 

66 

1/32 

1 

Paper 

Epoxy 

(PX) 

B 

248 

2.49 

9 

.  67 

1/32 

1 

Paper 

Epoxy 

(PX) 

B 

248 

3.50 

9 

66 

1/32 

1 

Paper 

Epoxy 

(PX) 

B 

248 

_ 1 

3.10 

9 

Average  Peel  Test  Value 

2.77 

9 

69 

1/32 

2 

Paper 

Epoxy 

(PX) 

B 

248 

5.52 

13 

70 

1/32 

2 

Paper 

Epoxy 

(PX) 

B 

248 

5.50 

13 

71 

1/32 

2 

Paper 

Epoxy 

(PX) 

B 

248 

6.00 

13 

72 

1/32 

2 

Paper 

Epoxy 

(PX) 

B 

248 

6.10 

13 

Avera 

fe  Peel  Test  Value 

5.77 

13 

73 

1/8 

1 

Paper 

Epoxy 

(PX) 

B 

248 

4.00 

9 

74 

1/8 

1 

Paper 

Epoxy 

(PX) 

B 

248 

5.50 

9 

75 

1/8 

1 

Paper 

Epoxy 

(PX) 

■B 

248 

5.00 

9 

1  Refer  to  Task  E  on  Peel  Strength  Values  in  the  Summary  Table  on  Physical  Properties 
of  Paper  Epoxy 
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TABLE  LV  (CONT) 


PEEL  STRENGTH  TEST  RESULTS  OF  PAPER  EPOXY  OF  MANUFACTURER  B 

(TESTED  AT  248®  F.) 


Spec.. 

No. 

Laminate 

Thickness 

(Inch) 

Copper 
Foil  Wt. 
(07,.) 

Base 

Laminate 

Manufacturer 

Test 

Temp. 

Peel 

Strength 

(Lbs/Inch) 

j  Peel  Test 
Value  Per 
MIL-P-13949B 

76 

1 '8 

1 

Paper 

Epoxv 

(PX)' 

B 

248 

5.00 

9 

Average  Peel  Test  Value 

4.88 

9 

77 

1/8 

2 

Paper 

Epoxy 

(PX) 

B 

248 

6.00 

13 

78 

1/8 

2 

Paper 

Epoxy 

(PX) 

B 

248 

5.95 

13 

79 

1/8 

2 

Paper 

Epoxy 

(PX) 

B 

248 

5.84 

13 

80 

1/8 

2 

Paper 

Epoxy 

(PX) 

B 

248 

5.90 

13 

Average  Peel  Test  Value  I 

5.93 

13 

1  Refer  to  Task  E  on  Peel  Strength  Values  in  the  Summary  Table  on  Physical  Properties 
of  Paper  Epoxy 


l  AtiJuili;  XjVi 


PEK L  STRENGTH  TEST  RESULTS  OF  PAPER  EPOXY  OF  MANUFACTURER  D 

(TESTED  AT  248"  F.) 


1  Refer  to  Task  E  on  Peel  Strength  Values  in  the  Summary  Table  on  Physical  Properties 
of  Paper  Epoxj' 
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i 


'fABLK  l.Vl  (CONT) 


i  i’llE L  STRENGTH  TEST  RESULTS  OF  PAPER  EPOXY  OF  MANUFACTURER  1) 

S  (TESTED  A.T  248°  F.) 


Spec . 
No. 

Laminate 

Thickness 

(Inch) 

t-'opper 
Foil  Wt. 
(Oz.) 

Base 

Laminate 

Manufacturer 

Test 

Temp. 

‘T 

Peel 

Strength 

(I.li.s/lnch) 

Peel  Test 
Value  Per 
?v'tiL-P-13940B 

91 

1/8 

1 

Paper 

Epoxy 

(PX) 

D 

248 

3,00 

9 

92 

1/8 

1 

Paper 

Epoxy 

(PX)‘ 

D 

248 

3.51 

9 

Average  Peel  Test  Value 

3.44 

9 

93 

1/8 

2 

Paper 

Epoxv 

(PX)’ 

D 

248 

6.25 

13 

94 

1/8 

2 

Paper 

Epoxy 

(PX)’ 

D 

248 

6.14 

13 

95 

1/8 

2 

Paper 

Epoxy 

(PX) 

D 

248 

5.84 

13 

96 

1/8 

2 

Paper 

Epoxy 

(PX) 

D 

248 

.5.90 

13 

Average  Peel  Test  Value 

6.03 

13 

1  Refer  to  Task  E  on  Peel  Strength  Values  in  the  Summary  Table  on  Physical  Properties 
of  Paper  Epoxy 


I 

! 

I 

* 

I 

i 

1 
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PEKI.  STRENGTH  TEST  RESULi: 

(TESI 


Snec, 

No. 

Laminate 

Thickness 

(Inch) 

Copper 
Foil  Wt. 
(Oz.) 

Base 

Laminate 

97 

1  32 

1 

Glass 

Epoxy 

(GE) 

98 

1  '32 

1 

G  lass 
Epoxy 
(G-E) 

"—i 

99 

1/32 

1 

Glass 

Epoxy 

(GE) 

100 

1/32 

1 

Glass 

Epoxy 

(GE)’ 

j^verage  Peel  Test  Value 

101 

1/  32 

2 

Glass 

Epoxy 

(GE) 

102 

1/32 

2 

Glass 

Epoxy 

(GE)' 

103 

1/32 

2 

Glass 
Epoxy 
(GE) ' 

104 

1/32 

2 

Glass 

Epoxy 

(GE) 

Average  Peel  Test  Value 


105 

1/8 

1 

Glass 

Epoxy 

(GE) 

106 

1/a 

1 

Glass 

Epoxy 

(GE) 

107 

1/8 

1 

Glass 

Epoxy 

(GE) 

TAB!  E  LVil  (CONT) 


PEEL  STRENGTH  TEST  RESULTS  OF  GLASS  EPOXY  OF  MANUFACTURER  A-GE 

(TESTED  AT  284*'  F.) 


Spec. 

No. 

Laminate 

Thiclaiess 

(Inch) 

Copper 
Foil  Wt. 
(Oz.) 

Base 

Laminate 

Manufacturer 

Test 

Temp. 

Peel 

Strength 

(Lbs/Inch) 

Peel  Test 
Value  Per 
MIL-P-13949B 

108 

1/8 

1 

Glass 

Epoxy 

(GE) 

A 

284 

6.70 

n 

1 

Average  Peel  Test  Value 

6.65 

7 

109 

1/8 

2 

Glass 

Epoxy 

(GE) 

A 

284 

5.50 

9 

no 

1/8 

2 

Glass 

Epoxy 

(GE) 

A 

284 

5.20 

9 

111 

1/8 

2 

Glass 

Epoxy 

(GE) 

A 

284 

5.45 

9 

112 

1/8 

_ 

2 

Glass 

Epoxy 

(GE) 

284 

5.00 

9 

Average  Peel  Test  Value 

5.30 

9 

TABLE  LVIII 


PEEL  STRENGTH  TEST  RESULTS  OF  GLASS  EPOXY  OF  MANUFACTURER  B-GE 

(TESTED  AT  284°  F.) 


Spec. 

No. 

Laminate 

Thickness 

(Inch) 

Copper 
Foil  Wt. 
(Oz.) 

Base 

Laminate 

Manufacturer 

Test 

Temp. 

“F 

Peel 

Strength 

(Lbs/Inch) 

Peel  Test 
Value  Per 
MIL-P-13949B 

113 

1/8 

1 

Glass 

Epoxt? 

(GE)’ 

B 

284 

2.00 

7 

114 

1/8 

1 

Glass 

Epoxv 

(GE)’ 

B 

284 

2.49 

7 

115 

1/8 

1 

Glass 

Epoxy 

(GE) 

B 

284 

2.00 

7 

116 

1/8 

1 

Glass 

Epoxy 

(GE) 

B 

284 

2.00 

7 

Average  Peel  Test  Value 

2,12 

7 

117 

1/8 

2 

Glass 

Epoxy 

(GE) 

B 

284 

4.25 

9 

118 

1/8 

2 

Glass 

Epoxy 

(GE) 

B 

284 

4.18 

9 

119 

1/8 

2 

Glass 

Epoxy 

(GE) 

B 

284 

4.04 

9 

120 

1/8 

2 

Glass 

Epoxy 

(GE) 

B 

284 

4.40 

9 

Average  Peel  Test  Value 

4.22 

9 

1  AO 


TABLE  LIX 


PEEL  STRENGTH  TEST  RESULTS  OF  GLASS  EPOXY  OF  MANUFACTURER  C-GF. 


(TESTED  AT  284*'  F.) 


Laminate  Copper  Test  Peel  Peel  Test 

Sp''c,  Tliiekness  Foil  Wt.  Base  Manufacturer  Temp.  Strength  Value  Per 

N<'i.  (Ineli)  (Oz.)  Laminate  F  (Lbs,  Inch)  MIL-P-13949 

Glass 
Epoxy 

(GE)  C  284  3.51 


Glass 

Ejkixv 

(GE)' 


Glass 

Epoxv 

(GE)' 


Glass 

Epoxy 

(GE) 


Glass 
Epo.xv 
(GE)  ' 


Gla.ss 
Epoxv 
(GE)  ■ 


Glass 

Epoxy 

(GE)' 


Glass 

Epoxy 

(GE)' 


Si^'c, 

No. 

Laminate 

Thickness 

(Ineli) 

121 

1  8 

122 

1/8 

123 

1/8 

124 

1,  8 

Avera 

;e  Peel  Test  \ 

125 

1.8 

126 

18 

127 

13 

128 

1/8 

Test 

Temp. 

"F 

Peel 
Strength 
(Lbs,  Inch) 

OQA 

3.51 

284 

2.49 

284 

2.50 

284 

2.49 

2.74 

284 

3.51 

284 

4.05 

284 

3.10 

284 

3.50 

Average  Peel  Test  Value 


TABLE  LX 


PEEL  STRENGTH  TEST  RESULTS  OF  TEMPERATURE  RESISTANT  GLASS  EPOXY 
OF  MANUFACTURER  A-GB  (TESTED  AT  284"  F.) 


Spec. 

No. 

Laminate 

Thickness 

(Inch) 

Copper 
Foil  Wt. 
(Oz.) 

Base 

Laminate 

Manufacturer 

Test 

Temp. 

"F. 

Peel 
Strength 
(Lbs /Inch) 

Peel  Test 

Value  Per 

MIL- P' 13949  B 

129 

1/8 

1 

Epoxy 

Glass 

(GB) 

A 

284 

3.51 

7 

130 

1/8 

1 

Epoxy 

Glass 

(GB) 

A 

284 

4.00 

7 

131 

1/8 

1 

Epoxy 

Glass 

(GB) 

A 

284 

3.00 

7 

132 

1/8 

1 

Epoxy 

Glass 

(GB) 

A 

284 

3.00 

7 

Average  Peel  Test  Value 

3.38 

7 

133 

— 

1/8 

2 

Epoxy 

Glass 

(GB) 

A 

284 

3.84 

9 

134 

1/8 

2 

Epoxy 

Glass 

(GB) 

A 

284 

4.03 

9 

135 

1/8 

2 

Epoxy 

Class 

(GB) 

A 

284 

3.25 

9 

136 

1/8 

2 

Epoxy 

Glass 

(GB) 

A 

284 

3.74 

9 

j  Average  Peel  Test  Value 

3.71 

9 

194 


TABLE  LXI 


PEEL  STRENGTH  TEST  RESULTS  OF  TEMPERATURE  RESISTANT  GLASS  EPOXY 
OF  MANUFACTURER  B-GB  (TESTED  AT  284"  F.) 


Spec . 
No. 

Laminate 

Thickness 

(Inch) 

Copper 
Foil  Wt. 
(Oz.) 

Base 

Laminate 

Manufacturer 

Test 

Temp. 

T 

Peel 
Strength 
(Lbs /Inch) 

Peel  Test 

Value  Per 
MIL-P-13949n 

137 

1/8 

1 

Epoxy 

Glass 

(GB) 

B 

284 

1.05 

7 

138 

1/8 

1  ■ 

Epoxy 

Glass 

(GB) 

B 

284 

1.15 

7 

139 

1/8 

1 

Epoxy 

Glass 

(GB) 

B 

284 

2.00 

7 

1  140 

_ ^ 

Epoxy 

Glass 

(GB) 

B 

284 

2.00 

7 

Average  Peel  Test  Value 

1.55 

7 

141 

— 

1/8 

— 

2 

Epoxy 

Glass 

(GB) 

j— 

B 

284 

2.45 

9 

142 

1/8 

2 

Epoxy 

Glass 

(GB) 

B 

284 

2.75 

9 

143 

1/8 

2 

Epoxy 

Glass 

(GB) 

B 

284 

3.00 

9 

144 

1/8 

2 

Epoxy 

Glass 

(GB) 

B 

284 

2.94 

9 

Average  Peel  Test  Value 

2.85 

9 

I 

TABLE  LXII  ® 


PE?JL  STRENGTH  TEST  RESULTS  OF  TEMPERATURE  RESISTANT  GLASS  EPOXY 
OF  MANUFACTURER  C-GB  (TESTED  AT  284 -  F.) 


SpfiC, 

No. 

Laminate 

Thiekmess 

(Inch) 

Cupper 
Foil  Wt. 
(Oz.) 

Base 

Laminate 

Manufacturer 

Test 

Temp. 

TF 

Peel 

Strength 

(Lbs/Inch) 

Peel  Test 

Value  Per 
MIL-P-13949B 

145 

1/8 

1 

Epoxy 

Glass 

(GB) 

C 

284 

2.34 

7 

146 

1/8 

1 

Epoxy 

Glass 

(GB) 

C 

284 

2.49 

7 

147 

1/8 

1 

Epoxy 

Glass 

(GB) 

C 

284 

2.61 

7 

148 

1/8 

1 

Epoxy 

Glass 

(GB) 

C 

284 

2.84 

7 

Average  Peel  Test  Value 

“  "■  1 

2.57 

7 

149 

1/8 

— 

2 

Epoxy 

Glass 

(GB) 

C 

284 

3.74 

9 

150 

1/8 

2 

Epoxy 

Glass 

(GB) 

c 

284 

3.46 

9 

151 

1/8 

2 

Epoxy 

Glass 

(GB) 

c 

284 

3.59 

9 

152 

1/8 

2 

Epoxy 

Glass 

(GB) 

c 

284 

3.64 

9 

Average  Peel  Test  Value 

3.61 

9 

196 


i 

I 

1 

I 

I 

I 

ft 


TABLE  LXIII 


PEEL  STRENGTH  TEST  RESULTS  OF  FLAME  RETARDANT  GLASS  EPOXV 
OF  MANUFACTURER  A-GF  (TESTED  AT  284"  F.) 


Spec. 

No. 

Laminate 

Thickness 

(IllCll) 

Copper 
Foil  Wt. 
(Oz.) 

Base 

Laminate 

Manufacturer 

Test 

Tbmp. 

irp 

Peel 

Strength 

(Lbs/Inch) 

Perl  Tf'.st 
Value  Per 
MIL-P-13949B 

153 

1/8 

1 

Epoxy 

Glass 

(GF) 

A 

284 

2.08 

7 

154 

1/8 

1 

E  poxy 

Glass 

(GF) 

A 

284 

2,01 

7 

155 

1/8 

1 

Epoxy 

Glass 

(GF) 

A 

284 

1.60 

7 

156 

1/8 

_ 

1 

_ 

Epoxy 

Glass 

(GF) 

A 

_ -_j 

284 

1.90 

7 

Average  Peel  Tost  Value 

1.89 

7 

157 

1/8 

2 

Epoxy 

Glass 

(GF) 

A 

284 

2.90 

9 

158 

1/8 

2 

Epoxy 

Glass 

(GF) 

A 

284 

3.00 

9 

159 

1/8 

2 

Epoxy 

Gla.ss 

(GF) 

A 

284 

2.56 

9  1 

160 

1/8 

2 

Epoxy 

Glass 

(GF) 

A 

284 

3.00 

9 

Average  Peel  Test  Value 

2.86 

9 

I 


1 

I 


197 


TABLE  LXIV 


I 


PEEL  STRENGTH  TEST  RESULTS  OF  FLAME  RETARDANT  GLASS  EPOXY 
OF  MANUFACTURER  B-GF  (TESTED  AT  284°  F.) 


Spec. 

No. 

Laminate 

Thickness 

(Inch) 

Copper 
Foil  Wt. 
(Oz.) 

Base 

Laminate 

Manufacturer 

Test 

Temp. 

Peel 

Strength 

(Lbs/Inch) 

Peel  Test 
Value  Per 
MIL- P-1.3949  R 

161 

1/8 

1 

Glass 

Epoxy 

(GF) 

B 

OQyl 

2.00 

7 

162 

1/8 

1 

Glass 

Epoxy 

(GF) 

B 

284 

2.00 

7. 

163 

1/8 

1 

Glass 

Epoxy 

(GF)‘ 

B 

284 

1.52 

7 

164 

1/8 

1 

Glass 

Epoxy 

(GF) 

B 

284 

2.00 

7 

Average  Peel  Test  Value 

1.88 

7 

165 

1/8 

2 

Glass 

Epoxy 

(GF) 

B 

284 

2.00 

9 

166 

1/8 

2 

Glass 

Epoxy 

(GF) 

B 

284 

2.00 

9 

167 

1/8 

2 

Glass 
Epoxy 
(GF)  , 

B 

284 

^  on 

■#»  w 

9 

168 

1/8 

2 

Glass 

Epoxy 

(GF) 

B 

2S4 

2.00 

9 

Average  Pe  Test  Value 

2.00 

9 

108 


TAtlLl!;  LXV 


PEEL  STRENGTH  TEST  RESULTS  OF  FLAME  RETARDANT  GLASS  EPOX\^ 
OF  MANUFACTURER  C-GF  (TESTED  AT  284°  F.) 


Spec. 

No. 

Laminate 

Tliiokness 

(Inch) 

Copper 
Foil  Wl. 
(Oz.) 

Base 

Laminate 

Manufacturer 

Test 

Temp. 

op 

Peel 

Strength 

(Lbs/Inch) 

Pool  Test 
Value  Per 
MIL-P-13940B 

169 

1/8 

1 

Glass 

Epoxy 

(GF) 

C 

284 

5.00 

7  ' 

170 

1/8 

1 

Glass 

Epoxv 

(GF)‘ 

C 

284 

4.00 

7 

171 

L  8 

1 

Epoxy 

(GF) 

C 

284 

5.00 

7 

1 

172 

1/8 

1 

Glass 

Epoxy 

(GF) 

C 

_ 1 

284 

5.00 

7 

Avprage  Peel  Test  Value 

4.75 

7 

173 

1/8 

2 

Glass 

Epoxy 

(GE) 

c 

284 

5.28 

9 

174 

1/8 

2 

Glass 

Epoxy 

(GF) 

c 

284 

5.38 

9 

17b 

1/8 

2 

c 

284 

5.00 

9 

176 

1/8 

2 

Glass 

Epoxy 

(GF) 

c 

284 

4.85 

9 

Average  Peel  Test  Value 

5/1.  .3 

9 

TABLE  LXVI 


PEEL  STRENGTH  TEST  RESULTS  OF  GLASS  MELAMINE  OF  MANUFACTURER  A 


(TESTED  AT  284^  F.) 


Spec. 

No. 

Laminate 

Thickness 

(Inch) 

Copper 
Foil  Wt. 
(Oz.) 

Ba.se 

Laminate 

Manufacturer 

Test 

Temp. 

“F 

Peel 

Strength 

(Lbs/Inch) 

Peel  Test 

Value  Per 
MIL-P-13949B 

177 

1/8 

1 

Glass 

Melamine 

(GM) 

A 

284 

4.00 

9 

178 

1/8 

1 

Glass 

Melamine 

(GM) 

A 

CO 

4.00 

9 

179 

1/a 

1 

Glass 

Melamine 

(GM) 

A 

284 

3.83 

9 

180 

1/8 

1 

Glass 

Melamine 

(GM) 

A 

284 

3.85 

9 

Average  Peel  Test  Value 

3.92 

9 

181 

1/8 

2 

Glass 

Melamine 

(GM) 

A 

284 

3.00 

9 

182 

1/8 

2 

Glass 

Melamine 

(GM) 

A 

284 

4.00 

9 

183 

1/8 

2 

Glass 

Melamine 

(GM) 

A 

284 

3.00 

9 

184 

1/8 

2 

Glass 

Melamine 

(GM) 

A 

284 

3.50 

9 

Average  Peel  Test  Value 

3.38 

9 

200 


TABLE  LXVI 


PEEl.  STRENGTH  TEST  RESULTS  OF  GLASS  SILICONE  OF  MANUFACTURER  A 


(TESTED  AT  284°  F.) 


Spec. 

No. 

Laminate 

Thickness 

(Inch) 

Copper 
Foil  Wt. 
(Oz.) 

Base 

Laminate 

185 

1/8 

1 

Glass 

Silicone 

(GS) 

186 

1/8 

1 

Glass 

Silicone 

(GS) 

187 

1/8 

1  . 

Glass 

Silicone 

(GS) 

188 

1/8 

1 

Glass 

Silicone 

(GS) 

Test  !  Peel 


Peel  Peel  Test 

Strength  Value  Per 

{I.,b8/Inr.h)  MIL~P-13949B 


Average  Peel  Test  Value 


189 

1/8 

2 

Glass 

Silicone 

(GS) 

190 

1/8 

1 

2 

Glass 

Silicone 

(GS) 

191 

1/8 

2 

Glass 
Silicone 
(GS)  ■ 

192 

1/8 

2 

Glass 

Silicone 

(GS) 

Average  Peel  Test  Value 
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TABLE  LXVirr 


PEE L  STRENGTH  TEST  RESULTS  OF  GLASS  TEFLON  OF  MANUFACTUl^ER  B 

(TESTED  AT  393  '  F.) 


Spec. 

No. 

Laminate 

Tliickiiess 

(Incli) 

Copper 
Foil  Wt. 
(Oz.) 

Base 

Laminate 

Mantifacturer 

Test 

Temp. 

Peel 

Strength 

(Lbs/Inch) 

j  Peel  Test 

^  Value  Per 
MIL-P-13949B 

193 

1/8 

1 

GIc\ss 

Teflon 

(GT) 

B 

393 

2.49 

5 

o 

1/8 

1 

Glass 

Teflon 

(GT) 

b 

393 

2.30 

5 

195 

1/8 

1 

Glass 

Teflon 

(GT) 

B 

393 

1.99 

5 

196 

1/8 

1 

Glass 

Teflon 

(GT) 

B 

393 

_ 1 

2.44 

5 

j  Average  Peel  Test  '*''alue 

2.31 

5 

197 

1/8 

2 

Glass 

Teflon 

(GT) 

B 

393 

3.50 

6 

196 

1/8 

2 

Glass 

Teflon 

(GT) 

B 

393 

3.90 

6 

199 

1/8 

2 

Glass 

Teflon 

(GT) 

B 

393 

3.46 

6 

200 

1/8 

2 

Glass 

Teflon 

(GT) 

B 

393 

3.50 

6 

Average  Peel  Test  Value 

3.59 

C 

I  See  Proposed  MIL-P-13949C  Specifications 
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TABLE  LXIX 


PEEL  STRENGTH  TEST  RESULTS  OF  GLASS  TEFLON  OF  MANUFACTURER  E 

(TESTED  AT  393°  F.) 


Spec. 

No. 

Laminate 

Thickness 

(inch) 

Copper 
Foil  Wt. 
(Oz.) 

Base 

Laminate 

Manufacturer 

Test 

Temp. 

“F 

Peel 

Strength 

(Lbs/Inch) 

.  Peel  Test 
^  Value  Per 
MIL-P-13949B 

201 

1/8 

1 

Glass 

Teflon 

(GT) 

E 

393 

1.00 

5 

202 

1/8 

1 

Glass 

Teflon 

(GT) 

E 

393 

0.49 

5 

203 

1/8 

1 

Glass 

Teflon 

(GT) 

E 

393 

1.00 

5 

204 

1/8 

Glass 

Teflon 

(GT) 

_ 

393 

1.57 

5 

Average  Peel  Test  Value 

1.01 

5 

205 

1/8 

— 

2 

Glass 

Teflon 

(GT) 

— 

E 

— 

393 

2.00 

6 

206 

1/8 

2 

Glass 

Teflon 

(GT) 

E 

393 

1.60 

6 

207 

1/8 

2 

Glass 

Teflon 

(GT) 

E 

393 

1.50 

6 

208 

1/8 

2 

Glass 

Teflon 

(GT) 

_ " _ 

393 

1.50 

6 

Average  Peel  Test  Value 

1.65 

6 

1  See  Proposed  MIL- P- 13949^0  Specification 
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TABLE  LXX 


SUMMARY  OF  PEEL  STRENGTH  TEST  HESULTS  PEHl-UHMEU 
AT  elevated  temperatures  on  1  OZ.  SPECIMINES. 


Base  Laminate 

Manu¬ 

facturer 

Laminate 

Thickness 

(Inch) 

Copper 

Foil 

Wt.  (Oz.) 

Test 

Temp. 

"F 

Averaged  Peel 
Strength  Value 
(Lhs,/In.- Width 

Peel  Test 

Value  Per 
MIL-P-13949B 

Paper  Phenolic  (PP] 

1/32 

1 

248 

1.91 

6 

Paper  Phenolic  {PP] 

1/8 

1 

248 

3.30 

6 

Paper  Phenolic  (PP) 

1/32  ■ 

1 

248 

1.21 

6 

Paper  Phenolic  (PP) 

1/8 

1 

248 

3.41 

6 

Paper  Phenolic  (PP) 

1/32 

1 

248 

2.14 

6 

Paper  Phenolic  (PP) 

1/8 

1 

248 

2.68 

6 

Pai)er  Epuxy  (PX)* 

1/32 

1 

248 

2.54 

9 

Paper  Epoxv  (PX)* 

1/8 

1 

248 

4.24 

9 

Paper  Epoxy  (PX)’' 

B 

1/32 

1 

248 

2.77 

9 

Paper  Epoxy  (PX)  * 

B 

1/8 

1 

248 

4.88 

9 

Paper  Epoxy  (PX)* 

D 

1/32 

1 

248 

2.67 

9 

Paper  Epoxy  (PX)* 

1/8 

1 

248 

3.44 

9 

Glass  Epoxy  (GE) 

1/32 

1 

284 

3.64 

7 

Glass  Epoxy  (GE) 

1/8 

1 

284 

6.65 

7 

Glass  Epoxy  (GE) 

1/8 

1 

284 

2.12 

7 

Glass  Epoxy  (GE) 

1/8 

1 

284 

2.74 

7 

Glass  Epoxy  (GB) 

1/8 

1 

284 

3.38 

7 

Glass  Epox}'  (GB) 

B 

1/8 

1 

284 

1.55 

7 

Glass  Epoxy  (GB) 

C 

1/8 

1 

284 

2.57 

7 

Glass  Epoxy  (GF) 

A 

1/8 

1 

284 

1.89 

7 

Glass  Epoxy  (GF) 

B 

1/8 

1 

284 

1.88 

7 

Glass  Epoxy  (GF) 

1/8 

1 

284 

4.75 

7 

Glass  Melamine  (GM) 

1/8 

1 

284 

3.92 

9 

Glass  Silicone  (GS) 

1/8 

1 

284 

3.39 

5 

Glass  Teflon  (GT) 

B  1 

1/8 

1 

393 

2.31 

5 

Glass  Teflon  (Gi) 

_ 1 

i/8 

1 

393 

1.01 

5 

*  Refer  to  Task  E  on  Peel  Strength  Minimum  Values  in  the  Summary  Table  on  Physical  Properties 
of  Paper  Epoxy 
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TABLE  LXXI 


SUMMARY  OF  PEEL  STRENGTH  TEST  RESULTS  PERFORMED 
AT  ELEVATED  TEMPERATURES  ON  2  QZ.  SPECIMTNES. 


Base  l,anunato 

Manu¬ 

facturer 

i _ 

Laminate 

Thickness 

(Inch) 

Ctipper 

Foil 

Wt.  (Oz.) 

Test 

'ITmp. 

F 

Averaged  Peel 
Strength  Value 
(Lbs./In.-Width) 

Peel  Test 
Value  Per 
MII,-P-13949B 

Paper  Phenolic  (PP) 

■■ 

2 

248 

1,54 

7 

Paper  Phenolic,  (PP) 

1/8 

2 

248 

3.75 

7 

Paper  Phenolic  (PP) 

1/32 

2 

248 

3.38 

7 

Paper  Phenolic  (PP) 

1/8 

2 

248 

4.98 

7 

Paper  Plit'iiolic  (PP) 

1/32 

2 

248 

5.58 

7 

Paper  Phenolic  (PP) 

1/3 

2 

248 

5.73 

7 

Paper  E})uxy  (PX)  * 

1/32 

2 

248 

3.25 

13 

Paper  Epoxy  (PX)  * 

A 

1/8 

2 

248 

5.38 

13 

Paper  Epoxy  (PX)  * 

B 

1/32 

2 

248 

5.77 

13 

Paper  Epoxy  (PX)  * 

B 

1/8 

2 

248 

5.93 

13 

Paiier  Epoxy  (PX)  * 

D 

1/32 

2 

248 

3.81 

13 

Paper  Epoxy  (PX)  * 

D 

1/8 

2 

248 

6.03 

13 

Glass  Epoxy  (GE) 

A 

1/32 

2 

284 

4.14  ■ 

9 

Glass  Epoxy  (GE) 

A 

i./s 

2 

284 

5.30 

9 

Glass  Epoxy  (GE) 

B 

1/8 

2 

284 

4.22 

9 

Glass  Epoxy  (GE) 

C 

1/8 

2 

284 

3.54 

9 

Glass  Epoxy  (GB) 

A 

1/8 

2 

284 

3.71 

9 

Glass  Epoxy  (GB) 

B 

1/8 

2 

284 

2.85 

9 

Glass  Epoxy  (GB) 

C 

1/8 

2 

284 

3.61 

9 

Glass  Epoxy  (GF) 

A 

1/8 

2 

284 

2.86 

9 

Glass  Epoxy  (GF) 

B 

1/8 

2 

284 

2.00 

9 

Glass  Epoxy  (GE’) 

C 

1/8 

2 

284 

5.13 

9 

Glass  Melamine  (GM) 

A 

1/8 

2 

284 

3.38 

9 

Glass  Silicone  (GS) 

A 

1/8 

2 

284 

5.21- 

5 

Glass  Teflon  (GT) 

B 

1/8 

2 

393 

3.59 

6 

Glass  Teflon  (GT) 

E 

1/8 

2 

393 

1.65 

6 

*  Refer  to  Task  E  on  Peel  Strength  Minimum  Values  in  the  Summary  Table  on  Physical  Properties 
of  Paper  Epoxy 
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sk  i:  -  riit'  Physical.  Mechanical  and  Electrical  Property  Evaluation  of  Paper  Epoxy 

Purimse  -  This  report  has  been  prepared  to  px’esent  the  final  results  and  conclusions  on  the 
physicTTl,  mechanical  and  electrical  properties  of  copper  clad  paper  base  epoxy  laminate, 
evaluated  in  accordance  v,'ith  the  requirements  of  MIL-P-13949B.  The  information  has 
Ivcn  analyzed  and  a  tentative  data  sheet  prepared  for  inclusion  in  this  specification. 

General  Data 

6.2.1  Background  -  Existing  military  specifications  have  not  provided  for  the  use  of  foil 
cTad  paper  base  epoxy  materials.  In  many  cases,  these  materials  have  properties 
which  make  their  use  more  desirable  than  other  approved  materials,  particularly 
where  a  high  degree  of  machineabillty  is  required  at  a  relatively  modest  cost. 

6.2.2  Scope  -  The  tests  performed  were  all  conducted  in  accordance  wdih  the  requirements 
of  MIL-P-13949B  and  were  carried  out  on  copper  clad  paper  base  epoxy  laminates  i.if 
five  different  thicknesses  (1/32  in.  to  1/4  in.)  from  four  different  suppliers.  During 
the  course  of  the  testing,  the  original  manufacturer  C  was  dropped  and  another 
substituted  because  on  non-delivery  of  base  material.  Copper  thickness  of  both  one 

.ounce  (0.0014inch)  andtwo  ounce  (0.0027  inch)  nominal  were  used  on  both  one  and  two  sides. 

The  following  individual  tests  were  performed: 

1.  Foil  resistivity 

2.  Solder.  Dip 

3.  Peel  Strength 

4.  Volume  resistivity 

5.  Surface  resistance 

6.  Water  absorption 

7.  Dielectric  breakdown 

8.  Dielectric  Constant 

9.  Dissipation  factor 

10.  Flexural  Strength 

11.  Flammability 

The  basic  tests  were  conducted  in  accordance  with  MIL-P-13949B,  LP-406B  and 
ASTM  B-i03. 

Standard  printing  and  etching  techniques  typical  of  the  photo-etch  process  were  used 
to  produce  test  samples  as  indicated  in  Appendix  B,  and  extreme  care  was  exercised 
to  reduce  the  possibility  of  specimen  contamination  to  a  minimum.  After  the  tests 
were  completed  the  data  was  itemized  in  a  suitable  manner  for  evaluation. 
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C-3  Di'lailcd  Data 


6.3,1  Lilcraturo  Survey  on  Copper  Clad  Paper  Base  Epoxy  Material 

A  conipleto  literature  survey  was  made  which  included  the  following: 

1.  Military  Specifications 

2.  Military  Standards 

3.  American  Standard  of  Testing  Materials 

4.  Maiiufacturer,s  of  Paper  Epoxy  (Copper  Clad) 

5.  Libraries  and  Government  Iiiformation  Centers 

The  search  indicated  that  the  published  data  on  paper  base  epo.xy  was  of  little  value, 
as  far  as  eliminating  any  of  the  tests  described  in  MIL-P-13949B  because  testing 
done  was  not  necessarily  conducted  in  accordance  with  this  specification.  For  this 
reason,  it  was  decided  to  perform  all  of  the  basic  tests  required  in  MIL-P-13949B 
to  establish  enough  data  to  add  this  type  of  copper-clad  laminate  ni.aterial  to  MIL- 
P-13949B.  Table  LXXII  includes  the  published  physical  properties  of  laminates 
from  four  manufacturers  who  are  producers  of  paper  base  epoxy  laminating 
material.  These  data  indicated  to  what  degree  each  manufacturer's  paper  base  ejwxy 
compares  to  the  other  according  to  their  own  figures.  These  data  are  used  to  com¬ 
pare  the  re  ults  obtained  by  our  own  tests  on  paper  base  epoxy  (Copper  Clad). 
Comparing  me  various  physical  properties  in  Table  LXXII,  it  may  be  seen  that  peel 
strength,  solder  dip  and  flammability  values  for  all  four  laminates  are  approximately 
the  same.  The  water  absorption  of  laminator  C  has  a  higher  value  than  the  other 
water  absorption  values.  The  tests  in  Table  LXXII  were  reportedly  performed  in 
accordance  with  A.S.T.M.  methods  by  each  manufacturer. 


TABLE  LXXII 


Commercial  Physical  Property  Results  on  Paper  Epoxy  (PX) 


Manufacture 

of 

Paper  Base 
Epoxy 

Water 
Absorption 
(1/16  Inch 
Thick 
Laminate) 

Peel 

Strength 

(Lbs/Inch 

Thick) 

Flammability 

Test 

Solder  Dip 
(1/1 6  Inch 
Laminated 
500® F  Solder) 

Copper 

Resistivity 

A 

0.30% 

8-(l  oz.) 
10-(2  oz.) 

Sell  Ext. 

10  Sec. 

Not  Reported 

B 

0.35% 

10- (1  oz.) 

11 - (2  oz.) 

Self  Ext. 

15  Sec. 

Not  Reported 

C 

0.55% 

8- (l  oz.) 

9-  (2  oz.) 

Self  Ext. 

15  Sec. 

Not  Reported 

D 

0.38% 

8.5-(l  oz.) 
13-(2  oz.) 

Self  Ext. 

10  Sec. 

Not  Reported 

6.3.2  Fabrication,  Conditioning  and  Test  Procedures 


6. 3. 2.1  Fabrication  -  All  specimens  were  fabricated  in  accordance  with  the  pro¬ 
cedures  outlined  in  Appendix  B. 
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6. 3. 2. 2  Conditioning  and  Test  Procedure 


6. 3. 2, 2.1  Copper  Foil  Resistivity  Conditioning  Condition  A  -  The  specimen 
was  tested  as  received  with  no  special  conditioning. 

Test  Procedure 


1.  Measurement  of  i^esistance  and  temperature  -  Weight  re¬ 
sistivity  is  the  electrical  resistance  of  a  body  of  uniform  cross 
section  of  unit  length  and  unit  weight.  In  the  metric  system  the 
units  are  exioressed  as  "ohm,  meter  and  gram." 

The  resistance  of  the  specimen  was  measured  with  a  Leeds  and 
Northrop  Kelvin  Bridge  Ohmeter  No.  4285  which  has  an  ac¬ 
curacy  of  1  0.15  percent. 

Since  the  resistance  of  the  specimen  is  affected  by  the  temper¬ 
ature,  it  was  necessary  to  make  sure  the  variation  in  tempes-- 
ature  was  kept  within  1°  F. 

The  copper  foil  specimens,  prepared  for  this  test,  measured 
12  inches  by  1/2  inch  by  .0014  inch.  There  were  two  1  oz. 
copper  strips  on  a  base  board  of  paper  base  epoxy  (13  x  3  x  1/16 
inches). 

These  copper  foil  strips  were  produced  by  etching  away  1  oz. 
copper  which  was  in  the  unmasked  area  on  the  base  laminate. 

Tlie  strip  pattern  was  cleaned  according  to  Appendix  B.  The 
leads  were  clamped  on  each  end  of  the  copper  strip  foil  and  the 
resistance  was  recorded. 

(Temperature  was  read  at  time  of  resistance  measurement.) 

2.  Measurement  of  Weight  -  T  ?  copper  foil  specimens  were 
weighed  per  MIL-P-13949B  section  4. 5. 2. 3  and  also  done  by 
electrolytic  method.  Figure  No.  75  shows  a  Sargent-Slomin 
electrolytic  analyzer  which  was  used  in  the  electrolytic  method. 
Two  methods  were  used  to  compare  the  different  resistivities  of 
the  same  specimen.  The  following  procedure  was  used  to  de¬ 
termine  the  weight  of  the  copper  foil  on  the  specimens. 

The  specimens  were  carefully  inspected  for  particles  of 
metallic  copper,  especially  along  the  edges.  If  copper  was  pre¬ 
sent  on  the  edges,  it  was  removed  by  scraping  with  a  razor 
blade. 

The  specimens  were  washed  with  distilled  water  and  placed  in 
a  Pyrex  tube  containing  5  ml  of  dilute  HNO3  (2  vols  concentrated 
HNO3  to  3  vols  of  H2O). 

This  volume  was  sufficient  to  cover  the  entire  specimen.  At  the 
end  of  1/2  hour,  the  specimen  was  removed  and  thoroughly 
washed,  using  25  ml  of  distilled  water. 

This  solution  was  then  transferred  to  a  180  ml  electrolytic 
beaker,  the  final  volume  being  40  -  45  ml.  After  adding  0.8  ml 
of  concentrated  NH4OH,  the  beaker  was  placed  in  llie  electro¬ 
deposition  rack.  The  platinum  electrodes  used  were  as  follows: 

Anode  -  52  mesh  gauze  Cathode  -  52  mesh  gauze 

Diameter  - 18  mm  Diameter  -  30  mm 

Height  -15  mm  Height  -35  mm 
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Tlic  electrnrips  wpi'p  r.lpnnpfl  in  dilutn  HNO3  and  washed  with 
distilled  water. 

The  cathode  was  then  dipped  in  absolvite  ethyl  alcohol,  dried  in 
an  oven  at  llo‘'C.  cooled,  and  weighed.  A  microchenheal 
balance  with  optical  lever  and  special  magnetic  dampening  was 
used  for  all  weighings.  The  balance  had  a  sensitivity  of  0.001 
milligram  per  scale  division. 

The  cathodes  used  in  the  determinations  v.'ere  especially  made 
so  as  to  have  a  large  area  with  minimum  weight, 

(Approximate  weight  -  3  grams.) 

Special  Pyrex  supports  with  electrolytic  beakers  kept  the  elec¬ 
trodes  located  properly,  A  variable  speed  Pyrex  stirrer  was 
used  to  agitate  the  solution.  A  rectifier  was  employed  as  a 
direct  current  soui-ce.  A  potential  of  2.8  volts  was  applied  for 
1  hour  at  room  temperature.  At  the  end  of  this  time  the  sides 
of  the  beaker  and  the  exj^osed  areas  of  the  electrodes  were 
washed  down  with  about  5  ml  of  distilled  water. 

Electrolysis  was  continued  for  an  additional  30  minutes  (total 
90  minutes).  Without  breaking  the  current,  the  electrodes  were 
thoroughly  washed  with  distilled  water  as  the  beaker  was  slowly 
lowered.  The  cathode  was  dipped  in  absolute  ethyl  alcohol,  dried 
in  an  oven  at  H0°C,  cooled  and  weighed,  and  the  amount  of 
copper  determined  by  difference, 

Tliree  times  during  the  electrolysis,  10-20  milligrams  of  pure 
urea  was  added  to  the  solution. 


The  cathode  was  prepared  for  the  next  analysis  by  removing 
the  copper  with  dilute  HNO3,  washing  with  distilled  water, 
dipping  in  absolute  alcohol,  drying  and  weighing. 

3.  Measurement  of  Length  -  Ilje  gage  length  of  the  specimen  is  the 
distance  between  the  cutting  marks  on  the  copper  foil  caused  by 
the  knife  marks  or  the  potential  clamps.  This  gage  length, 

L],  and  total  length  of  copper  foil  strip,  L2,  were  measured  and 
the  values  recorded.  The  copper  foil  strip  was  measured  to  an 
accuracy  of  0.001  inch,  using  an  optical  comparator. 


4.  Calculations  -  The  weight  resistivity  of  the  test  specimen  at  a 
given  temperatui’e  was  calculated  as  follows: 


w 


where  C 


Li  Lg 


R 


W 


weight  of  test  specimen  in  grams 


Lj  =  gage  length,  used  to  determine  R  in  meters 
-  length  of  test  .specimen  in  meters 
=  measured  resistance  in  ohms 


Since  the  specimens  had  a  uniform  cross  section,  the  weight 
per  unit  iengih  and  the  resistance  per  unit  length  would  be  the 
same  over  any  segmented  length  of  Lhe  HpeciHiun.  Anuther 
formula  with  Uie  temperature  correction  is  as  follows: 

R 

^W20  "  X  +  0.0006  (T-20O  C) 
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Wliei’o  T  is  the  measured  temperature  at  time  of  resistance 
measnremriit. 

Table  LXXIII  shows  the  copper-foil  resistiviiy  values  of  manu- 
factui'er  A  and  B  calculated  by  both  techniques.  As  shown, 
tlieie  was  very  little  difference  found  between  using  the  method 
of  MIL-P-13949B  or  the  electrolytic  method.  Although  some 
adhesive  is  removed  and  weighed  with  the  copper  foil  as  it  is 
peeled  off,  there  was  very  little  difference  in  the  resistivity 
values,  v/ith  or  without  tlm  adhesive.  As  can  bn  seen  from 
Table  LXXIII,  the  values  are  approjdniately  0.0110  ohm- 
gram/meler  square  larger  than  the  maximum  limit  allowed  per 
(0.15040  oinns-gram/nieier  square)  ivlIL«P-13G4GB,  The 
possible  testing  errors  were  re- checked  and  no  errors  could  be 
traced. 


TABLE  LXXIII 

COPPER  FOIL  RESIfJTIVITY  VALUES  OF  MANUFACTURERS  A  AND  B 


Manufacturer 
(Copper  Clad 
Both  Sides) 

Composite 

Material 

Thickness 

(Inches) 

Copper  Foil 
Weight 
(Ounces) 

Resistivity  Value 
Per  MIL-P-13949B 
Ohms-  (Gram/Meter 
Square  at  20”  C 

Resistivity  Value 

Per  Electrolytic 
Method-Ohms  (Gram/ 
Meter  Squai*e)  at  20”  C 

A 

1/16 

1  oz. 

0.1698 

0.1682  1 

A 

1/16 

1  oz. 

0.1708 

0.1690 

B 

1/18 

1  oz. 

0.1729 

0.1710 

B 

1/16 

1  oz. 

0.1789 

0.1772 

6. 3. 2. 2. 2  Solder  Dip  Test 
Conditioning 

1.  Condition  A  -  The  specimen  was  tested  as  received  except 
cleaning  off  any  dirt,  grease,  etc.,  per  Appendix  B. 

Test  Procedure 


riic  Copper  suriace  of  the  speeinieii  was  cleaned  with  laiuhce  and 
col  ion.  and  coaled  with  an  activated  resin  flu.x.  The  speeinii'n  was 
then  placed  foil  side  down,  on  the  surface  of  the  solder  liaili  at  a 
ti’iniieralure  of  500”  F  i  10^^  F  (paper  base  epoxy  solder  batii 
temperature) 

Figure  No.  76  sliows  the  automatic  dip  solder  machine  that  was 
used  for  the  test.  Upon  removal  of  the  specimen  from  the  solder 
bath,  the  specimen  was  cooled  to  room  temperature  (23”  C  ^  5”  C) 
and  examined  for  blistering  or  delamination  of  the  foil  or  laminate. 
The  solder  was  skimmed  prior  to  dipping  in  order  to  remove  the 
surface  oxide. 
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Figure  No.  76.  -  Automatic  Dip-Solder  Machine 
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6. 3. 2. 2. 3  Peel  Strength  Test 


Conditioning 


1.  Ttie  peel  strength  was  determined  for  each  specimen  following 
the  Conditioning  procedures  listed  below.  Different  specimens 
were  used  for  each  of  the  conditioning  cycles.  Figure  No.  77 
shows  the  Dillon  testing  machine  that  was  used  for  the  peel 
.strength  determined. 


a.  Ambient  Temperature  -  Condition  A  -  as  received. 


b.  Solder  trip  -  I'his  coiidliLoning  was  dijuc  per  paraiJ 


-..-I, 


^  7  9 


c.  Elevated  Temperature  -  The  specimens  were  put  into  an  air 
circulating  oven  at  140^0  for  1  hour.  The  specimeii.s  weri> 
then  removed  and  inspected  for  any  blistering  or  delamination 
of  the  copper  foil.  If  there  was  no  blistering  or  delaminafion, 
peel  strength  measurements  were  performed. 


Figure  No.  78  shows  the  conditioning  oven  that  was  used  for 
the  elevated  temperature  conditioning  of  the  specimens. 

Test  Procedures 


1.  Measurements 

a.  The  copper  foil  was  stripped  from  the  surface  of  the  lami¬ 
nate  sufficiently  to  allow  the  installation  of  the  gripping  lab, 
usually  about  1/2  inch.  The  loading  rate  should  not  exceed 
12  lbs,  per  minute  and  the  pull  speed  at  2  i  1  '10  inch.es  per 
mi  nule . 

Figure  Ntj.  79  shows  the  etched  1/8  inch  peel  strength 
])alt<*nis,  Tlif'  peel  strip  was  1/8  inch  wide  and  approxi- 
inatcly  2  inches  lung.  The  test  procedure  was  conducted  in 
accordance  with  paragraph  4.5. 2.5  MIL-P-13949B. 

2.  Calculations 

Tliere  are  no  calculations  for  this  tost.  The  peel  strength  value 
was  read  directly  from  the  testing  machine. 


'6. 3. 2. 2.4  Volume  Resistivity  and  Surface  Resistance 


Conditioning 


1,  Sixteen  samples  from  each  of  three  manufacturers  were  pre¬ 
pared  for  each  of  three  different  thickness  of  material.  1/16, 
3/32  and  1/8  inch.  Sample  preparation  and  cleaning  was  done 
in  accordance  with  Appendix  B.  Sample  size  and  coiifiguration 
was  in  accordance  with  paragraph  4.5.2.G  of  MiL-P-13949B. 
except  that  etched  copper  rings  and  bullseyes  were  used,  rather 
than  conductive  silver  paint. 
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Figure  No.  78.  Conditioning  Oven  For  Temperature  Cycling  Of  Peel  Test  Specimens 
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Figure  No.  79.  Etched  Specimen  Patterns  For  Peel  Strength,  Volume  Resistivity 

And  Surface  Resistance  Tests 
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Test  Prucedure 


1.  Samples  were  placed  in  the  modified  humidity  chamber  in  the 
same  manner  as  detailed  earlier  for  measuring  the  insulation 
resistance  values  for  Task  B. 

2.  After  conditioning  in  the  chamber,  in  accordance  with 
13949B,  measurernenls  of  surface  and  volume  resistance  were 
made  using  the  same  equipment,  and  the  same  techniques  outlined 
in  Task  B. 

3.  Volume  resistivity  was  calculated  as  follows: 


where: 

r  =  volume  resistivity  in  megohmcentimeters 
R  =  measured  volume  resistance  in  megohms 
A  =  area  of  guarded  electrode  in  square  centimeters 
L  =  average  thickness  of  specimen  in  centimeters 

4.  Surface  resistance  was  measured  in  megohms. 

6. 3. 2. 3  Water  Absorption  Test 


Conditioning 


1.  At  least  four  specimens  per  thickness  of  the  specified  material  to  »>e 
tested  were  required  for  this  test.  After  all  the  specimens  were 
machined  smooth  on  the  edges,  they  were  dried  in  an  oven  for  1  hour  al 
+  6-0  minutes  at  105“  C  i  2“  C. 

Test  Prucedure 


1.  Measurements 


a.  After  conditioning  of  llie  specimens,  they  were  cooled  in  a  desiccator 
at  23  C  •  5  C  for  16  to  20  hours  and  immediately  weighed  upon  re¬ 
moval  to  0.0001  grams.  The  dimensions  of  the  specimens  were  mea¬ 
sured  with  a  micrometer.  The  specimens  were  then  immersed  in 
distilled  water  maintained  at  a  temperature  of  23°  C  -i  2°  C.  At 
least  50  ml  of  distilled  water  was  employed  for  immersing  eacli  speci¬ 
men.  After  an  immersion  of  24  hours  +  1/2  hour  -  0  hours,  each 
specimen  was  removed  from  the  water,  the  surface  moisture  quickly 
absorbed  by  a  dry  cloth,  and  the  specimen  reweighed.  The  test  w'as 
conducted  in  accordance  with  L-P-406B,  method  7031.  Figure  No.  80 
shows  the  laboratox’y  b,aiance  where  the  specimens  were  weiglicd. 

2.  Calculations 

a,  iiie  ptTiCf  Jilagt;  luerease  in  weiglil  aftwr  immersioii  calculalfi-i  to  the 
nearest  0.01  percent  was  calculated  as  follows: 

Increase  in  weight,  %  = 

New  weight  -  conditioned  weight 
(Wj)  X  100 

Conditioned  weight  (W^) 
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6. 3. 2. 4  Diol('C'iri('  breakiUiwn 


1.  Ail  specimens  were  tested  with  the  copper  foil  removed.  Prior  to 
CiniditiuninK.  specimens  were  cleaned  with  a  soft  rat?  and  isopropyl  alcohol. 

2.  Specimens  for  all  tests  weie  conditioned  for  48  hours  m  clistilleil  water 
at  (D  48/50)  and  cooled  for  1/2  hour  a!  23  C  (D  l/2/23°C).  Con- 
dilionint;  aiul  testing  wore  scheduled  in  such  a  way  tlial  all  specimens  were 
removed  from  the  elevated  temperature  bath  within  the  scheduled  tolerance 
of  plus  2  hours  and  from  the  room  temperature  bath  within  the  specified 
tolerance  of  plus  1/2  liour. 

3.  Measurements 

All  measurements  were  taken  following  the  step-by-step  test  in  method  4031 
of  LP-406  and  section  4. 5. 2. 8. 2. 2  of  MIL-P-13949B.  Figure  81  shows  the 
dielectric  breakdown  test  setup  and  Figure  82  shows  the  dielectric  break¬ 
down  specimen  with  electrodes. 

6. 3. 2. 5.  Dielectric  Constant  and  Dis.qipation  Factor  Test 


1.  Conditioning 


Dielectric  constant  and  dissipation  factor  determination  were  made  by 
the  standard  procedures  as  outlined  in  LP  406,  Method  4021,  as  m  xlified 
by  MIL-P-13949B,  paragraph  4. 5. 2. 9,  Eelectrodes  were  painted  on  both 
sides  of  each  specimen  using  Du  Pont  No.  4817  silver  conductive  paint. 
(An  equivalent  conductive  paint  could  be  used).  The  1/32  and  1/16  inch 
specimens  had  2  inch  diameter  electrodes  painted  on  one  side  and  3  inch 
diameter  electrodes  painted  on  the  other  side.  The  3/32,  1/8,  and  1/4 
inch  specimens  had  3  inch  diameter  electrodes  painted  on  one  side  and 
4  inch  diameter  electrodes  painted  on  the  other  side. 

2.  Measurements  and  Calculations 


Values  of  capacitance  and  Q  were  obtained  for  each  specimen  using  a 
Boonton  Q  Meter,  the  values  of  dielectric  constant  were  then  calculated 
from  the  following  relations: 


C 


d 


& 


C 


V 


Dielectric  constant  of  the  material. 

Measured  capacitance  of  the  specimen. 

Edge  correction  for  electrodes  of  unequal  size  as  defined  by 
equations  31,  paragraph  I4.d  of  ASTM  D150-54T. 

Equivalent  vacuum  capacitance  using  the  same  electrode  geometry. 


D  = 


Cj  X  Q 


Qj  X  C  X 


Cj  =  Capacitance  of  instrument  tuned  without  the  specimen. 
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C„  =  Capacitanco  of  instrumiMi!  tuiiPti  with  the  specimen. 

C  =  Capacitance  of  the  specimen  (C^  -  C^). 

=  W  of  the  instrument  tuned  without  the  specimen. 

Q  Q  of  the  instrument  tuned  with  tlie  specimen. 

Q  =  Change  in  Q  (Q^  -  Qg) 

Specimens  were  4  by  4  inches  by  the  thickness.  Electrodes  were  painted 
on  the  specimens  and  allowed  to  air  dry  a  minimum  of  96  hours  prior  to 
conditioning. 

i'lgure  83  shows  the  dielectric  constant  and  dissipation  factor  tost  set  up. 

Figure  84  shows  the  specimen  with  electrodes  for  these  two  electrical  test 
determinations. 

6. 3. 2. 6  Flexure  Test 


1.  Conditioning  -  The  copper  was  removed  from  all  specimens  by  etching. 

2.  Test  Procedure  -  15  specimens  from  each  of  three  vendors  were  tested 
for  material  thickness  of  1/32  in.,  1/16  in.,  3/32  in.,  1/8  in.  and  1/4  in. 
Eight  specimens  were  cut  from  the  crosswise  direction  and  8  lengthwise. 
Sample  size  was  in  accordance  with  Table  XI  of  MIL-P-13949B, 

Tests  were  conducted  on  Flexure  Test  Machine  illustrated  in  Figure  85. 

6. 3. 2. 7  Flammability  Test 


CoiiditioPMig 

1.  The  specimen  was  tested  in  the  as  received  condition. 
Test  Procedure 


1.  Dimensions  -  At  least  three  specimens  were  cut  to  6  inches  in  length  by 
0.5  incli  in  width  by  the  Uiickne.ss.  The  copper  foil  was  etched  and  cleaned 
accoi'ding  to  Appendix  B. 

2.  Posititjiiing  (jf  Specimen  -  The  conditioned  specimen  was  marked  Ia' 
scribing  two  lines  1  inch  and  5  inches  from  one  end  of  the  specimen.  The 
specimen  was  then  clamped  in  a  support  at  the  end  fartliest  from  the  1- 
incli  mai’k  with  its  longitudinal  axis  horizontal  and  its  transverse  axis 
inclined  at  4b  to  the  horizontal.  Under  the  test  specimen  there  was  a 
piece  of  20-mesh  bunsen  burner  gauze  about  5  inches  square  in  a  hori¬ 
zontal  position  1/4  inch  below  the  edge  of  the  specimen,  with  1  2  inch  of 
the  specimen  extending  lieyond  the  edge  of  the  gauze. 

3.  Ignition  of  Specimen  -  A  Bunsen  burner  with  a  flame  1/2  to  3  1  inch  in 
height  was  placed  under  the  free  end  of  the  test  specimen  and  adjusted 
so  the  flame  tip  was  just  in  contact  with  the  specimen.  At  die  end  of  30 
seconds  the  flame  was  removed  and  the  specimen  allowed  to  t  urn.  A 
stop  watch  was  used  to  time  tlie  flame  when  it  reached  the  "irst  mark  on 


221 


Figure  No.  83.  Dielectric  Constant  And  Dissipation  Factor  Teat  Setup 


Figure  No.  84.  Dielectric  Breakdomi  Specimen  With  Electrodes 


P'it;uro  No.  85.  Flr.xurc  'rf.sl  Machiiio 

tlie  spejc.imen  and  time  olw-rvcd  when  tlic  I'Uuni'  rcaehed  the  4-inch  mark. 
When  the  did  not  f.onUiinc  to  inu'u  after  the  first  ignition,  the 

iHirnei’  wa.s  ijlaeed  under  Ihi;  free-  end  for  a  .second  period  of  30  seconds 
imniodiatcly  following  the  exiinetinii  of  tlu'  flame.  When  the  specimen  did 
not  eontinuo  to  burn  to  th('  4-inch  mark  afti  r  the  second  ignition,  the  speo- 
iinen  was  rcixirted  solf-csxtingin.sliin;*,.  Fjiiure  No.  86  shows  the  flamma¬ 
bility  te.st  sotuin 

6.4  Analysis  of  Results 
6.4.1  Foil  Resistivity 

Table  LXXIII  (page  repurlslhe  l  esulisol  )  amt  2  ounce  eopperfuil  resistivities. 

As  it  can  be  seen  in  Tab!  LXXiil,  uie  resisuvii  y  value  s  ixu-foimedper  MIL-P-13949B 
holds  a  greater  value  for  1  and  2  oance  mjjipor  fliaii  is  slated  in  MIL-P-13949B.  Not 
all  of  the  resistivity  values  performed  by  tin!  idecl rulytic  method  are  reported.  It 
was  decided  to  discontinue  running  tin?  I'leci  rolylic  method  because  Task  E  of  the 
contract  is  only  concerned  with  1 3919U  test  procedures.  It  would  appear  that 

the  resistivity  values  tested  by  llie  t?lectrolytic  melhod  does  not  vary  from  the  re¬ 
ported  resistivities  performed  per  ivliI,-P-r3'J4‘JH.  Tlic  averages  repoidcd  for  each 
vendor  source  in  Table  LXXIV  are  in  liirn  averaged  and  one  ’'alue  reported  for 
copper  resistivity  in  Table  LXXIII. 

G.4.2  Solder  Dip 


All  of  the  copper-clad  paper-base  epoxy  lanuiiau?s  tested  showed  no  blisters  or 
delaminations  of  c?ilher  llii;  cupper  toil  or  lammaie  ibsell. 


Figure  No.  86  Flammability  Test  Set  Up 
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T/vBLt.  1  XXJV 


COPPKn  FOIL  PKSLSl  IVrrY  VALUES  OF  MANUFAC  rtiPKHS  A.  f!  AM)  I) 


Manutacturcr 
(L,'npiH*r  Clad 
Both  Si(k's) 

Composite 

Material 

Tluekno.ss 

(Imli) 

Copper  F'oil 

Weieht 

(Oiiui'os) 

Re.sistivitv  Value 
PerMIL-P  1304nn 
Clinis-lGram  Meter 
iS(iiiari')  At  20  C 

He.sislivily  Value 

I’l-r  Kli'ctrnlylie 
Mi'IIiihI-OIiiii.s  (Ciram 

Mi  ter  .Square)  At 

20  C 

A 

L  IG 

1  o/.. 

O.IGGH 

0.168? 

A 

1.  IG 

1  nz. 

0.1  70R 

0.1  GOO 

A 

1  IG 

1  nz. 

o.igob 

A 

1  IG 

1  o/.. 

0. 1  Gft2 

- - - 

A 

3.  32 

2  oz. 

0.1  “GO 

A 

3/32 

?.  n  z. 

0.1  Gor, 

A 

3/32 

2  oz. 

0.1714 

A 

3,  32 

2  oz. 

0.1723 

— 

Averaco  Value 

0.1709 

B 

1,  IG 

1  oz. 

0.1710 

B 

1.  IG 

1  oz. 

0.1772 

B 

1  IG 

1  oz. 

0.1 67G 

B 

1,  IG 

1  oz. 

0.1G92 

B 

3.  32 

2  oz. 

.  0.1724 

B 

3/32 

2  oz. 

0.1760 

B 

3/32 

2  oz. 

0.1730 

B 

3,  32 

2  oz. 

0.1765 

Averatte  Value 

0.1731 

D 

1/lG 

1  oz. 

0.1723 

0 

1/16 

1  oz. 

0.1723 

D 

1/16 

1  02. 

0.1766 

D 

1/16 

1  oz. 

0.1704 

D 

3/32 

2  oz. 

0.1717 

0 

3/32 

2  oz. 

0.1715 

D 

3/32 

2  oz. 

0.1717 

D 

3,  32 

2  oz. 

0.1732 

Average  Value  0.1723 


6.4.3 


The  materials  included  the  following: 

1.  Manufacture  A,  B  and  C  sources 

a.  1/16  inch  -  1  oz.  copper  clad  both  sides 

b.  3/32  inch  -  2  oz.  copper  clad  both  sides 

c.  Base  laminate  material  was  paper  ba.se  epoxy. 

The  test  procedure  has  been  described  in  paragraph  6. 3. 2. 2. 2, 
Peel  Strength 


The  specimens  were  conditioned  and  tested  according  to  paragraph  6. 3. 2. 2. 3. 

Tables  LXXV  to  LXXXIX  show  the  peel  strength  results  of  manufacturer  A,  B  and  D. 
The  after  solder  dip,  temperature  cycling  and  elevated  temperature  conditions  had 
very  little  effect  on  the  1  and  2  ounce  copper  peel  strips.  The  1  oz.  copper  values 
averaged  around  10  lbs.  per  inch  width  w.hile  the  2  oz.  copper  values  averaged  13.5 
lbs.  per  inch  width.  These  values  represent  averaged  values  of  all  three  vendors 
A,  B  and  D. 

6.4.4  Volume  Resistivity  and  Surface  Resistance 

Tables  XC  to  XCIV  show  the  test  results  of  volume  resistivity  and  surface  resistance 
on  paper  base  epoxy.  The  test  procedure  was  performed  per  MIL-P-13949B.  Values 
which  were  too  high  or  low  with  respect  to  the  overall  values  reported  were  not 
averaged.  It  should  be  noted  that  Vendor  A's  resistance  values  were  lower  than 
those  of  Vendors  B  and  D.  One  reason  for  this  could  be  in  variation  of  resistance 
per  lot  of  material  for  this  type  of  paper  epoxy  laminate. 

6.4.5  Water  Absorption 


The  tost  procedure  has  been  described  in  paragraph  6. 3. 2. 3  in  the  report.  Tables 
XCV  to  XCVIII  give  the  water  absorption  results  of  manufacturers  A,  B  and  D 
respectively.  The  results  showed  consistent  values  for  all  three  tables.  The 
following  percent  absorption  values  are  averages  of  (16  samples)  uf  both  1/16  and 
3/32  inch  material  of  manuf  acturers  A,  B  and  D. 


Manufacturer 

A 

B 

D 

1/16  inch  -  1  oz. 

.49% 

.44% 

CO 

3/32  inch  -  2  oz. 

.35% 

.29% 

.35% 

It  is  interesting  to  note  that  the  1/16  inch  -  1  oz.  laminate  of  manufacturer  D  percent 
absorption  value  is  about  the  same  as  reported  in  Table  I  on  page  8.  The  com¬ 
mercially  published  percent  absorption  value  of  manufacturer  D  is  .55%  for  1/16  inch 
laminate. 

6.4.6  Dielectric  Breakdown 

These  tests  were  performed  by  the  Delsen  Corporation  of  Glendale,  California  for 
U.S.  Engineering  Company.  Tables  XCIX  to  Cl  show  the  dielectric  breakdown  test 
results  of  Vendors  A.  B  and  D  on  paper  epoxy  laminate. 
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TABLE  LXXT,^ 

PEEL  STRENGTH  OF  MANUFACTURER  A  (1/32  INCH  THICKNESS] 


Paper  Bass  Epoxy  Larni.nate 


Specimen 

Number 

Composite 

Material 

Thickness 

(Inch) 

Copper 

Clad 

Copper 

Foil 

Weight 

(Ounces) 

After 

Solder 

Dip 

(Lbs/Inch 

Width) 

_ 

After 

Temperature 

Cycling 

(Lbs/Inch 

Width) 

_ 1 

After 

Elevated 

Tempera¬ 

ture 

(Lbs/Inch 

Width) 

Condition 

A 

(Lbs/Inch 

Width) 

1 

1/32 

1  Side 

1  oz. 

■  HIH 

12.0 

2 

1/32 

1  Side 

1  oz. 

12.0 

3 

1/32 

1  Side 

1  oz. 

4 

1/32 

1  Side 

1  oz. 

10.5 

11.5 

5 

1/32 

i  Side 

1  oz. 

11.0 

11.0 

ii.o 

6 

1/32 

1  Side 

1  oz. 

10,0 

11.0 

11.5 

7 

1/32 

1  Side 

1  oz. 

ll.Q 

11.0 

10.5 

11.5 

8 

1/32 

1  Side 

1  oz. 

10.5 

11.0 

11.0 

12.G 

Average  Peel  Strength  Values 

10.4 

10.8 

10.9 

11.7 

9 

1  Side 

2  oz. 

m 

m 

10 

1/32 

1  Side 

2  oz. 

15.5 

11 

1/32 

1  Side 

2  oz. 

15.5 

17.5 

12 

1/32 

1  Side 

2  oz. 

15.5 

17.0 

15.5 

13 

1/32 

1  Side 

2  oz. 

12.5 

15.0 

16.0 

16.5 

14 

1/32 

1  Side 

2  oz. 

12.5 

15.5 

18.0 

18.0 

15 

1/32 

1  Side 

2  oz. 

11.5 

14.5 

16.0 

16.5 

16 

1/32 

1  Side 

2  oz. 

11.5 

14.5 

17.0 

16.5 

Average  Peel  Strength  Values 

12,2 

15.1 

16.6 

16.5 

TABLE  LXXVI 

PEEL  STRENGTH  OF  MANUFACTURER  B  (1/32  INCH  THICKNESS) 


Paper  Base  Epoxy  Laminate 


1 

m 

— 

1  Side 

1  oz. 

9.5 

— 

10.0 

10.0 

— 

10.0 

2 

1  Side 

1  oz. 

9.5 

10.0 

10.0 

10.0 

3 

1/32 

1  Side 

1  oz. 

10.0 

10.0 

9.0 

9.5 

4 

1/32 

1  oz. 

10.0 

0.0 

9.0 

9.5 

5 

1  Side 

1  oz. 

10.0 

9.5 

9.5 

10.0 

6 

1  Side 

1  oz. 

10.0 

10.0 

10.0 

10.0 

7 

1/32 

1  Side 

1  oz. 

9.0 

9.5 

10. n 

9.5 

8 

1/32 

1  Side 

1  oz. 

10.0 

10.0 

10.0 

10.0 

Average  Peel  Strength  Values 

9.8 

9.8 

9.7 

9,8 

9 

1  /oo 

1/  UU 

1  Side 

— 

14.5 

— 

14.5 

14.0 

10 

1/32 

14.0 

14.5 

14.0 

11 

1/32 

1  Side 

2  oz. 

14,0 

14.5 

14.0 

12 

1/32 

1  Side 

2  oz. 

14,5 

14.5 

14.0 

15.0 

13 

1/32 

1  Side 

2  oz. 

14,0 

14.5 

14.0 

15.0 

14 

1/32 

1  Side 

2  oz. 

14,5 

14.5 

14.0 

15.0 

15 

1/32 

1  Side 

2  oz. 

14.0 

14.5 

13.5 

15.0 

16 

l/3z 

1  OlUt? 

2  oz. 

15.0 

H.5 

14.0 

15.5 

Average  Peel  Strength  Values 

14.3 

14.5 

14.0 

15.0 
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TABLE  LXXVII 


PEEL  Sn^ENGTH  OF  MANUFACTURER  D  (1-32  INCH  THICKNESS) 


Prtjior  Buse  Epnxy  Laminate 


Specimen 

Number 

C'—mpfiSitc 

Material 

Thickness 

(Inch) 

Copper 

Clad 

Copper 
Foil 
Weight 
(Ounc  es) 

After 

Solder 

Dip 

(Lbs/Inch 

Width) 

After 

Temperature 

CyclinK 

(Lbs/Inch 

Width) 

After 

Elevated 

Tempera¬ 

ture 

(Lb.s  Inch 
Width) 

Condition 

A 

(Lbs  inch 
Width) 

1 

1  Side 

1  oz. 

10.2 

9.5 

10.0 

10.5 

2 

1  Side 

1  oz. 

10.5 

10.0 

6.5 

10.5 

3 

1,  32 

i  Side 

i  uz. 

10.5 

10.0 

10.0 

10. 0 

4 

1*'32 

1  Sine 

1  oz. 

10.0 

10.0 

10.0 

10.0 

h 

1,3? 

1  Side 

1  oz. 

10.5 

10.0 

6.5 

10.0 

6 

1,  32 

1  Side 

1  oz. 

9.5 

9.5 

10.0 

10.0 

7 

1,32 

1  Side 

1  oz. 

10.0 

10.5 

10.0 

9.5 

8 

1  32 

1  Side 

1  oz. 

9.5 

9.5 

9.5 

Average  Peel  Strength  Values 

10.1 

10.0 

6.8 

10.1 

9 

1  Side 

2  oz. 

m 

m 

10 

1/32 

1  Side 

2  oz. 

15.0 

11 

1/32 

1  Side 

2  02. 

15.0 

15.0 

12 

1/32 

1  Side 

2  oz. 

12.0 

15.0 

13.0 

14.0 

13 

1/32 

1  Side 

12.5 

15.5 

13.5 

16.0 

14 

1/32 

1  Side 

2  oz. 

13.5 

14.0 

14.0 

15.5 

15 

1/32 

1  Side 

2  cz. 

11.0 

13.5 

13.5 

16,0 

16 

1/32 

1  Side 

2  oz. 

15.0 

13.5 

14.5 

15.0 

Average  Peel  Strength  Values 

12.6 

14.6 

13.7 

15.2 

?.?.a 


TABLE  LXXXTII 

PEEL  STRENGTH  OF  MANUFACTURER  A  (1/T6  INCH  THICKNESS) 


Specimen 

Number 


Composite 

Copper 

Copper 

Material 

Clad 

:  Foil 

Thickness 

i  Weight 

(Inch) 

(Ounces) 

wm 

2  Sides 

2  Sides 

mm 

1/16 

2  Sides 

1/16 

2  Sides 

1/16 

?.  Sides 

1/16 

2  Sides 

1  oa. 

1/16 

2  Sides 

1  oz. 

1/16 

2  Sides 

1  oz. 

1/16 

2  Sides 

1  oz. 

1/16 

2  Sides 

1  oz. 

1/16 

2  Sides 

1  oz. 

1/16 

2  Sides 

1  oz. 

1/16 

2  Sides 

1  oz. 

1/16 

2  Sides 

1  oz. 

1/ie 

2  Sides 

1  oz. 

1/16 

2  Sides 

1  02. 

Paper  Base  Epoxy  Laminate 


After 

Solder 

Dip 

(Lba/Inch 

Width) 


After 

Temper  at'J 
Cycling 
(Lbs/Inch 
Width) 


After  !  Cnmiition 
Elevaieii  i  A 


Tempera¬ 

ture 

(Lbs/Inch 

Width) 


(Lbs/Incii 

Width) 


Average  Peel  Strength  Values 


n 

2  Sides 

2  oz. 

16.0 

18 

2  Sides 

2  oz. 

15.0 

19 

1/16 

2  Sides 

2  oz. 

16.0 

20 

1/16 

2  Sides 

2  oz. 

16.0 

21 

1/16 

2  Sides 

2  oz. 

16.0 

22 

1/16 

2  Sides 

2  oz. 

17.0 

23 

1/lG 

2  Sides 

2  oz. 

16.0 

24 

1/16 

2  Sides 

2  oz. 

17,0 

25 

1/16 

2  Sides 

2  oz. 

17.0 

26 

1/16 

2  Sides 

2  oz. 

17.0 

27 

1/16 

2  Sides 

2  oz. 

16.0 

28 

1/10 

2  Sides 

2  oz. 

16.0 

29 

1/16 

2  Sides 

2  oz. 

17.0 

30 

1/16 

2  Sides 

2  oz. 

17.0 

31 

1/16 

2  Sides 

2  oz. 

17.0 

32 

1/16 

2  Sides 

2  oz. 

16.0 

TABLE  LXXIX 


PEEL  STRENGTH  OF  MANUFACTURER  D  (i/lC  INCH  THICKNKSS) 


Piiliff  Base  Epoxy  LamiiiatL* 


Spec  i  men 
Numl»er 

Comijosite 

Material 

Tliiekiiess 

(Inch) 

Cnpper 

Clad 

Copiicr 

Fdil 

Weight 

(Ounces) 

After 

Solder 

Dip 

(Lbs/liicli 

Width) 

After 

Temperature 

Cycling 

(l.hs/Incli 

Width) 

After 

Elevated 

Tempera¬ 

ture 

(Lljs-'Inch 

Wifl(li) 

Cfiiiciitirm 

A 

(Ll).s  Inch 
Width) 

1 

1/lG 

?.  Kide.s 

1  oz. 

8.4 

2 

1/16 

2  Sid(!S 

i  oz. 

8.8 

3 

l/l6 

2  Sides 

1  oz. 

— 

8.8 

— 

4 

1/lG 

2  Sides 

1  oz. 

0.5 

5 

1/16 

2  Sides 

1  oz. 

lo.u 

G 

1/16 

2  Sides 

1  oz. 

8.8 

7 

I/IG 

2  Sides 

1  oz. 

0.5 

S 

1/lG 

2  Sides 

1  oz. 

8.4 

— 

9 

1/16 

2  Sides 

1  oz. 

8.8 

10 

1/16 

2  Sides 

1  oz. 

8.8 

11 

1/16 

2  Sides 

1  oz. 

8.8 

12 

1/16 

2  Sides 

1  oz. 

B.B 

13 

1/lG 

2  Sides 

1  oz. 

9.0 

— 

14 

1/lG 

2  Sides 

1  oz. 

10.0 

15 

1/lG 

2  Sides 

1  oz. 

8.8 

IG 

1/16 

2  Sides 

1  nz. 

8.4 

Average  Po<;l  StreiiKtli  Values 

8.9 

17 

■8H 

2  Sides 

m 

■m 

18 

2  Sides 

19 

I/IG 

2  Sides 

2  oz. 

20 

1/lG 

2  Sides 

2  oz. 

15.0 

21 

1/16 

2  Sides 

2  oz. 

15.0 

13.5 

14.0 

22 

1/16 

2  Sidofi 

2  O'. 

14.0 

14.0 

14.0 

23 

1/16 

2  Sides 

2  oz. 

15.0 

14.0 

14.0 

24 

1/lG 

2  Sides 

2  oz. 

14.0 

14.0 

13.0 

25 

1/16 

2  Sides 

2  oz. 

15,0 

13.0 

16.0 

26 

1/16 

2  Sides 

2  oz. 

15.0 

14.0 

15.0 

27 

1/16 

2  Sides 

2  oz. 

13.0 

13.0 

14.0 

15.0 

28 

1/16 

2  Sides 

2  oz. 

13.0 

13.6 

13.0 

IG.O 

29 

1/16 

2  Sides 

2  oz. 

13,0 

14.0 

14.0 

17.0 

30 

1/16 

2  Sules 

2  oz. 

14.0 

14.0 

15.0 

15.0 

31 

1/16 

2  Sides 

2  oz. 

14.0 

14.0 

13.0 

15.0 

32 

1/lG 

2  Sides 

2  oz. 

14.0 

14.0 

13.0 

15.0 

Average  Peel  Slrcngtli  Values 

14.2 

13.8 

14.0 

15.6 

i 


I 

! 

I 
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TABLE  LXXX 


I 

I 

1 

1 

I 

1 


PEEL  STOENGTH  OF  MANUFACTUHER  D  (I- 16  INCH  THICKNEKS) 


Papi'r  Base  Epoxy  Lannnntf' 


Sppnmon 

Nunilipr 

Composite 

Material 

Tliiclcness 

(Iiich) 

Cnpprr 

Clad 

Coiiper 

Foil 

Wl'IRllt 

(Ounces) 

After 

Snider 

Dip 

(l.lw-'incli 

Width) 

Afti'i’ 

1(  niperature 
Cvi'liiim 
(l.Us  Ineli 
Width) 

A  r  1 1 '  r 

Elevated 

Ti'mpeca- 

tiii'i' 

(I.lis  Ineh 
Widlll) 

f 't^uditinii 

A 

(I.les  Inch 
Wullh) 

1 

1.  Ifi 

2  Sidc'.H 

1  IIZ. 

■H 

10.0 

■EH 

10.0 

2 

1/  IG 

2  Suit's 

1  m. 

1 1.0 

10.4 

3 

1  in 

2  Sulfs 

1  oz. 

10.5 

lil.O 

-1 

MG 

2  Suk-s 

1  nz. 

10.0 

10.4 

10.0 

f) 

MG 

2  Sules 

1  nz. 

10.2 

10.0 

10.4 

10.4 

f) 

I.  16 

2  Suit's 

I  oz. 

10.0 

10.0 

10.0 

10.0 

7 

M6 

2  Sules 

1  nz. 

10.0 

10.2 

in.  4 

B 

1 .  1 G 

2  Suit's 

1  nz. 

10.0 

10.0 

10.0 

in.o 

») 

1  IG 

2  S--.lc>s 

t  (IZ. 

11.4 

10.5 

11.2 

ll.G 

10' 

1.  IG 

2  Suit's 

1  oz. 

1  l.G 

11.0 

12.0 

l?.Oi 

11 

1  IG 

2  Suit's 

1  nz. 

ll.G 

10.5 

12.0 

12.0 

12 

1  IG 

2  Suit's 

1  oz. 

10.0 

11.0 

10.4 

10.4 

13 

1  ■  1 G 

2  Sides 

1  oz. 

11.0 

10.5 

11.4 

1  1  .G 

l-l 

1  IG 

2  Sides 

1  oz. 

11.2 

11.5 

n.G 

ll.G 

]5i 

MG 

2  Sules 

1  nz. 

10.4 

n.o 

10.4 

to. 4 

ir, 

1  IG 

2  Sides 

1  nz. 

11.0 

10.0 

n.o- 

n.o  1 

Averacf*  f^trengtii  Vainns 

lO.G 

10.5 

ro.7 

10.7 

17 

1  ■  in 

2  Sides 

2  nz. 

13.0 

14.0 

13.0 

— 

14.0' 

18 

MG 

2  Sides 

2  nz. 

14.0 

13.5 

13.0 

14.0 

1« 

1/IG 

2  Sides 

2  nz. 

13.0 

14.0 

12.0 

13.0 

20 

1 .  1 G 

2  Suit's 

2  nz. 

13.0 

14.0 

14.0 

1  1.0 

21 

L  IG 

2  Sides 

2  nz. 

14.0 

12.5 

12.5 

27 

1  / 1  G 

2  Sides 

2  nz. 

14,0 

13,5 

12.5 

15.0 

23 

1  IG 

2  Suit's 

2  oz. 

13.0 

13.0 

12.0 

14.0 

24 

1  IG 

2  Sides 

2  nz. 

13.5 

I'l.O 

13.0 

14.0 

23 

1  IG 

2  Sides 

2  oz. 

14.5 

13.0 

H.O 

14.0 

20 

1.  IG 

2  Suit's 

2  oz. 

H.5 

13.0 

1.3.0 

15.0 

27 

MG 

2  Sules 

2  oz. 

13.5 

13.5 

12.5 

15.0 

28 

1  IG 

2  Sules 

2  oz. 

13.0 

14,0 

1-1.0 

20 

MG 

2  Sides 

2  nz. 

13.0 

14.0 

14. Q 

30 

1.  IG 

2  Sides 

2  nz. 

13.0 

15.0 

31 

1/lG 

2  Sides 

2  nz. 

13,0 

13.0 

15.0 

32 

1.  IG 

2  Sides 

2  oz. 

14.0 

14.0 

12.5  1 

15.0 

AveraRC  Peel  StrenRth  Values 

13.6 

13.5 

12.'! 

14.5 

I 

I 
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TABLE  LXXXl 

PEEL  STTtENGTH  OF  MANUFACTURER  A  (3/32  INCH  THICKNESS) 


Paper  Base  Eikixy  Laminate 


Specimen 

Number 

Conij^osite 

Material 

Thickness 

(Incii) 

Cnppcr 

Clad 

Cnnper 

Foil 

Weight 

(Ounces) 

Alter 

Snider 

Dip 

(Lb.s/Inch 

Width) 

After 

Teimperature 

Cyrling 

(Lljs/Iiieh 

Width) 

After 

Elevated 

Tempera¬ 

ture 

(Llw-  Inch 
Width) 

CniKlitioij 

A 

(I,h.S  Iiieh 
Wifltll) 

1 

3/32 

2  Sides 

10.0 

RE 

11.0 

■BH 

2 

3/32 

2  Sides 

10.0 

12.0 

3 

3/32 

2  Sides 

9.0 

11.0 

11.0 

4 

3/32 

2  Sides 

9.0 

12.0 

5 

3/32 

2  Sides 

10.0 

10.0 

11.0 

10.0 

6 

3/32 

2  Sides 

lO.O 

0.0 

11.0 

10.0 

7 

3/32 

2  Sides 

10.0 

lO.O 

12.0 

11.0 

B 

3/32 

2  Sides 

10.0 

10.0 

12.0 

12.0 

0 

3/32 

2  Sides 

9.0 

9.0 

11.0 

11.0 

10 

3/32 

2  Sides 

1 

9.0 

10.0 

12.0 

11.0 

n 

3/32 

2  Side.s 

1  dr.. 

10.0 

9.0 

11.0 

12.0 

12 

3/32 

2  Sides 

1  02. 

9.0 

0.0 

10.0 

12.0 

13 

3/32 

2  Sides 

1  02. 

10.0 

11.0 

11.0 

11.0 

14 

3/32 

2  Sides 

1  02. 

lO.O 

0.0 

1 1,0 

10.0 

15 

3/32 

2  Sides 

1  02. 

9.0 

10.0 

1 1,0 

11.0 

16 

3/32 

2  Sides 

1  02. 

9.0 

0.0 

11.0 

n.o 

Average  Peel  Strength  Values 

9.5 

9.G 

11.2 

11.1 

17 

3/32 

2  Sides 

2^/2. 

16 

3/32 

2  Sides 

2J2. 

Ifi  A 

19 

3/32 

2  Sides 

2ji2. 

Ifi  0 

20 

3/32 

2  Sides 

2  02. 

in  ft 

21 

3/32 

2  Sides 

2  02, 

17  0 

22 

3/32 

2  Sides 

7.  nr.. 

ifi  ft 

23 

3/32 

2  Sides 

2  nr. 

17  0 

24 

3/32 

2  SidrN 

2  nr, 

1C  0 

25 

3/32 

2  Sides 

2  nr, 

16  0 

.  .. 

26 

3/32 

2  Sides 

2  02. 

10.8 

_ 

27 

3/32 

2  Sides 

2  02. 

w  w  M  IV 

26 

3/32 

2  Sides 

2  02- 

17  0 

29 

3/32 

2  Sides 

2  02. 

16.8 

30 

3/32 

2  Sides 

2  02. 

16  0 

31 

3/32 

2  Sides 

2  02. 

16  4 

32 

3/32 

2  Sides 

2  02. 

16.4 

— 

Average  Peel  Strength  Value  16.4 


1 

I 

I 

1 
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TABLE  LXXXII 


PEEL  STRENGTH  OF  MANUFACTURER  B  (3/32  INCH  THICKNESS) 


Paper  Base  Epoxy  Laminate 


Specimen 

Number 

-1 

Composite 

Material 

Thickness 

(Inch) 

Copper 

Clad 

Copper 

Foil 

Weight 

(Ounces) 

After 

Solder 

Dip 

(Lbs/Inch 

Width) 

After 

Temperature 

Cycling 

(Lbs/Inch 

Width) 

After 

Elevated 

Tempera¬ 

ture 

(Lbs/Inch 

Width) 

Condition 

A 

(Lbs/Inch 

Width) 

1 

3/32 

2  Sides 

1  02. 

0.5 

10.0 

9.0 

2 

3/32 

2  Sides 

1  02. 

10.0 

11.0 

10.0 

3 

3/32 

2  Sides 

1  02. 

9.5 

11.0 

11.0 

4 

3/32 

2  Sides 

1  02. 

11.0 

10.0 

10.0 

B 

5 

3/32 

2  Sides 

1  02. 

10.0 

10.0 

10.0 

B 

6 

3/32 

2  Sides 

1  02. 

10.0 

10.0 

9.5 

B 

7 

3/32 

2  Sides 

1  02. 

11.0 

10.0 

10.5 

B 

a 

3/32 

2  Sides 

1  02. 

11.0 

9.5 

9.0 

9 

3/32 

2  Sides 

1  02. 

10.0 

10.0 

10.0 

12,0 

10 

3/32 

2  Sides 

1  02. 

9.0 

9.5 

9.0 

10.0 

11 

3/32 

2  Sides 

1  02. 

9.0 

11.0 

10.0 

12 

3/32 

2  Sides 

1  02. 

10.0 

10,0 

11.0 

B 

13 

3/32 

2  Sides 

1  02. 

10.0 

10.0 

9.0 

B 

14 

3/32 

2  Sides 

1  02. 

9.5 

9.0 

10.0 

B 

15 

3/32 

2  Sides 

1  02. 

10.0 

9.0 

10.0 

B 

16 

3/32 

2  Sides 

1  02. 

10.0 

10.0 

10.0 

Average  Peel  Strength  Values 

10.0 

10.0 

9.9 

12.1 

17 

3/32 

2  ATI 

14  0 

18 

3/32 

?»  07f 

14  0 

19 

3/32 

2  Sidns 

2Lo2. 

14  0 

20 

3/32 

2  Sides 

2  nr., 

13  5 

21 

3/32 

2  Sides 

3  ^7t, 

13  0 

22 

3/32 

2  SideH 

2  na, 

14  0 

23 

3/32 

2  Sides 

2  02. 

hI^o 

24 

3/32 

2  Sides 

3  ^7fi 

14  0 

25 

3/32 

2  Sides 

2  nx 

14  0 

26 

3/32 

2  Sides 

2^2. 

14  0 

27 

3/32 

2  Sides 

2  oz. 

14  0 

28 

3/32 

2  Sides 

2  nz. 

14  0 

29 

3/32 

2  Sides 

2  oz- 

14  0 

30 

3/32 

2  Sides 

2  02. 

13  0 

31 

3/32 

2  Sides 

2  oz- 

14  0 

32 

3/32 

2  Sides 

2  02. 

13.0 

Average  Peel  Strength  Value 

13.8 

TABLE  LXXXIII 


PEEL  STR ENGTH  OF  MANUFACTURER  D  (3/32  INCH  THICKNESS) 


Paper  Base  Epoxy  Laminate 


Specimen 

Number 

Composite 

Material 

Thicioiess 

(Inch) 

Copper 

Clad 

Copper 

Foil 

Weight 

(Ounces) 

After 

Solder 

Dip 

{Lbs  /Inch 
Width) 

r- 

After 

Temperature 
Cycling 
(Lbs /Inch 
Width) 

After 

Elevated 

Tempera¬ 

ture 

(Lbs  Inch 
Width) 

Condition 

A 

(Lt)s  Inch 
Width) 

1 

3/  32 

2  Sides 

1  oz. 

9.0 

9.0 

10.0 

11.0 

2 

3/32 

2  Sides 

1  02. 

9.0 

10.0 

S.0 

10.0 

•3 

3/32 

2  Sides 

t  oz. 

10.0 

10.0 

9.5 

10.0 

4 

3/32 

2  Sides 

1  oz. 

9.5 

0.0 

8.5 

9.0 

5 

3/32 

2  Sides 

1  OK. 

8.5 

10.0 

10.0 

8.5 

6 

3/32 

2  Sides 

1  oz. 

9.0 

10.0 

9.0 

9.5 

7 

3/32 

2  Sides 

1  oz. 

lO.O 

10.0 

9.0 

10.0 

8 

3/32 

2  Sides 

1  02. 

8.5 

9.0 

9.0 

9.0 

0 

3/32 

2  Sides 

1  oz. 

10.0 

9.0 

10.0 

9.0 

10 

3/32 

2  Sides 

1  oz. 

9.0 

9.0 

9.0 

10.0 

11 

3/32 

2  Sides 

1  oz. 

9.5 

10.0 

9.0 

9.0 

12 

3/32 

2  Sides 

1  oz. 

9.0 

10.0 

9.0 

9.0 

13 

3/32 

2  Sides 

1  oz. 

10.0 

8.5 

10.0 

10.0 

14 

3/32 

2  Sides 

1  oz. 

8.5 

9.0 

9.0 

8.5 

15 

3/32 

2  Sides 

1  oz. 

9.5 

0.0 

10.0 

9.0 

16 

3/32 

2  Sides 

1  oz. 

9.5 

9.0 

10.0 

9.0 

Average  Peel  Strength  Values 

9.3 

9,4 

9.4 

17 

3/32 

2  Sides 

2  oz. 

12.0 

10.8 

IB 

3/32 

2  Sides 

2  oz. 

12.0 

12.0 

11.0 

19 

3/32 

2  Sides 

2  02. 

12.2 

13.0 

11.6 

20 

3/32 

2  Sides 

2  oz. 

12.2 

12.0 

11.6 

21 

3/32 

2  Sides 

2  oz. 

12.6 

12.0 

11.6 

22 

3/32 

2  Sides 

2  oz. 

12.2 

12.0 

11.6 

23 

3/32 

2  Sides 

2  oz. 

11.2 

13.0 

12.0 

11.2 

24 

3/32 

2  Sides 

2  oz. 

11.6 

12.0 

10.6 

11.6 

25 

3/32 

2  Sides 

2  oz. 

11.4 

11.5 

lO.B 

11.6 

26 

3/32 

2  Sides 

2  oz. 

12.0 

13.0 

11.6 

12.4 

27 

3/32 

2  Sides 

2  oz. 

12.0 

12.0 

10.8 

12.0 

28 

3/32 

2  Sides 

2  oz. 

12.0 

13.0 

10.5 

12.0 

29 

3/32 

2  Sides 

2  oz. 

11.6 

10.5 

12.0 

11.6 

30 

3/32 

2  Sides 

2  oz. 

12.6 

14.0 

11.6 

12.8 

31 

3/32 

2  Sides 

2  oz. 

12.0 

12.0 

12.4 

12.0 

32 

3/32 

2  Sides 

2  oz. 

12.0 

12.0 

11.6 

12.0 

Average  Peel  Strength  Values 

11.9 

12.3 

11.3 

12.6 
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TADLK  LXXXIV 


I’KEL  STHKNGTIl  OF  MANUFyXCTl.iHER  A  (1  B  INCH  THICKNESS) 


PapiT  Bnsi-  Epoxy  LamuKilf 


Specimen 

Numlicr 

1 

ComiKisile 

Material 

Thickness 

ilncli) 

Copper 

Clad 

Cnpper 

Ftnl 

WeiEllt 

(Ounces) 

Afli-r 

Snider 

Dip 

(l.bs-Inch 

Width) 

After 

Temperature 
Cvelmc 
tl.hs  Inch 
Width) 

After 

Elev.ited 

Tempera¬ 

ture 

(I.l'.s  Inch 
Width) 

CVuiditmii 

A 

!l  I's  Inch 
Wlrlth) 

1 

1  H 

1  Side 

1  o/. 

10.0 

1 1.0 

10.5 

1  1  .0 

O 

1  H 

1  Side 

1  0/. 

9.5 

11. 0 

10.5 

1  1  .0 

3 

1  8 

1  Side 

\  n/. 

9.0 

11.0 

10.5 

i  1 .0 

4 

1  8 

1  Side 

1  f'/.. 

8,r> 

10.5 

10.5 

1  1  .5 

f) 

1  8 

1  Side 

1  oz. 

lO.O 

11.0 

1  1 

G 

1  8 

1  Sute 

1  o/. 

9.0 

11.0 

1  1.0 

7 

1.  8 

1  Side 

1  oz. 

11.0 

11.0 

8 

1  8 

1  Side 

1  nz. 

10.5 

10.5 

11.5 

Averace  Peel  Strenctli  Values 

HBI 

10.9 

10.5 

11. .1 

9 

WBM 

■n 

2  oz. 

14.0 

14.5 

■■ 

lO.fl 

10 

BBbB 

2  oz. 

1  r..o 

14.1) 

I  5.0 

It 

H 

BBbH 

2  >iz. 

M.O 

i:i.5 

Bra^B 

17.0 

12 

■  1.  H 

2  <>z. 

14,0 

14.5 

Bu^B 

Hi.  5 

13 

18 

2  nz. 

15.0 

15.0 

BEE^B 

'7.0 

14 

.  1  8 

■hH 

2  nz. 

15.0 

14.0 

BI^H 

10.0 

15 

18 

2  oz. 

15.0 

14.0 

15.0 

16 

1  8 

■eH 

2  oz. 

H.O 

14.0 

BtHH 

msammi 

Averace  Peel  Strencth  Values 

14.5 

14.2 

14.8 

IG.l 

TABLE  LXXXV 

PEEL  STRENGTH  OF  MANUFACTUHER  B  (1  fl  INCH  THICKNESS) 


Papt*r  Baso  Epuxy  Laminate 


1 

Bnm 

1  .Side 

1  ,nz. 

9.5 

10.5 

9.0 

;  0 ,  Ti 

2 

1  Side 

1  nz. 

9.5 

0.0 

in.5 

3 

1 .8 

1  .Sifle 

1  n/.. 

0.5 

10.0 

9.5 

10.5 

4 

1  8 

1  Sole 

1  f>Z, 

9.5 

9.5 

9.5 

10.5 

.5 

18 

1  Side 

1  oz. 

9.0 

10.0 

iO.5 

C 

1  8 

1  Side 

I  oz. 

8.5 

10.0 

lo.n 

7 

1  8 

1  Side 

1  oz. 

8.5 

m.r, 

B 

i_Lii _ J 

1  Side 

1  nz. 

9.0 

0.5 

9.5 

in.n  i 

Averace  Pc-cl  Strencth  Values 

8.1 

10.0 

9.2 

10.1  1 

9 

1  Sid.- 

2  oz. 

BH 

n.o 

14.0 

10 

BI^H 

1  Side 

2  oz. 

12.5 

14.0 

11 

1  .Side 

2  nz. 

13.0 

BB^B 

14.0 

12 

L  8 

Side 

2  nz. 

12.0 

12.0 

13.5 

n 

l/« 

1  Side 

2  oz. 

12.0 

11.5 

BB^B 

14 

1,  8 

1  Side 

2  oz. 

12.0 

11.0 

BB^B 

14.;. 

• 

ii  u 

1/8 

1  Side 

2  oz. 

12.5 

11.0 

1 J  n 

16 

1/8 

1  Side 

2  nz. 

13.0 

12.0 

mam 

14.0 

Averace  Peel  Strencth  Values 

12.5 

119 

12.6 

I  1  .  Vi 

2J5 


TABLE  LXXXVl 


PEEL  STRENGTH  OF  MANUFACTURE  P  (1  8  INCH  THlCrJvfESS) 


Paper  Base  Ej^ixy  Laminate 


Sijcrmion 

Nui«!>or 

Cnnipusitc 

Material 

Tluekness 

(Ini-h) 

Cniijicr 

Clad 

Copper 

Foil 

Weiiiht 

(Ounees) 

"1 

After 

Temijoraturc 
CyeliiiK 
(!  I'.s  Ineli 
Width) 

After 

Elevated 

Tempera¬ 

ture 

(I. "I'.s  hu'h 
Width) 

Cundifinii 

A 

(l.h.s  Ineh 
Width) 

1 

1  b 

1  Side 

1  oz. 

0.5 

0.0 

lo.n 

2 

1.8 

1  Side 

1  l)Z. 

8.5 

10.0 

0.0 

10.0 

3 

1  8 

1  Sule 

1  oz. 

10.0 

10.0 

0.5 

10.5 

4 

1  8 

1  Side 

1  0/,. 

10.0 

9.5 

8.5 

10.0 

5 

1/3 

1  Side 

1  oz. 

0.5 

iu.u 

0.0 

10.5 

G 

1  ■  8 

1  Side 

1  oz. 

0.0 

10.0 

0.0 

10.0 

7 

1  a 

1  Side 

1  oz. 

0.5 

10.5 

10.0 

8 

I  8 

1  Side 

1  oz. 

8.5 

9.5 

10.5 

Average  Pr-rl  StmiEtli  Values 

• 

9.3 

10.0 

9.1 

10.2 

mm 

r 

18 

1  Side 

■QH 

11.0 

mSM 

■Ml 

1.  8 

1  Side 

10.5 

12.0 

n 

1  8 

1  Sule 

2  oz. 

0.5 

12.5 

13.0 

12 

1  8 

1  Side 

2  oz. 

0.5 

12,0 

12.0 

■fHH 

i:i 

1  8 

1  Side 

2  oz. 

10.5 

i:i.o 

12.5 

14.0 

14 

1  H 

1  Side 

2  oz. 

ll.i) 

l.'t.l) 

12.5 

!:t.5 

IG 

1  8 

1  Side 

2  oz. 

n.o 

12.5 

13.0 

13.0 

IG 

1  8 

1  Side 

2  oz. 

10.5 

13.0 

12.5 

14.0 

Average  Fe*.'!  Streneth  Values 

lO.G 

12.5 

12.5 

13.4 

TABLE  LXXXVII 


PEEL  STRENGTH  OF  MANUFACTUH ER  A  (1  4  ILCi:  THICKNESS) 


Paper  Base  Epu.w  Laniinale 


TABLE  LXXXVIH 


PEEL  STRENGTH  OF  MANUFACTUBKR  B  (i/4  INCH  THICKNESS) 


Piipi-r  Hasr  Epoxy  L;imin:itc 


Spoc  linen 
Number 

Cmnpn.slfc 

Material 

Tliirkness 

(Inrhl 

Copper 

Clad 

Cupper 

Foil 

Weight 

(Ounces) 

After 

.Sfilder 

Dip 

(Llzs/Incli 

Width) 

After 

Temperature 

Cycllnp: 

(Lb.s/lnch 

Width) 

After 

Elevatcid 

Tempera¬ 

ture 

(Lb.s/Ineh 

Width) 

Cniiflitien 

A 

(I.l'.s/Inch 

Width) 

1 

1/4 

1  Side 

1  oz. 

0.0 

0.5 

8.5 

10.0 

2 

1/4 

1  Side 

1  oz. 

9.5 

10.5 

8.5 

10.0 

3 

1/4 

1  Side 

1  OZ,  . 

10.0 

0.5 

8.0 

10.0 

4 

1/4 

1  Side 

1  oz.  . 

9.5 

9.5 

8.5 

10.0 

5 

1/4 

1  Side 

\  oz,  ■ 

9.5 

9.5 

7.0 

10.0 

6 

1/4 

1  Side 

1  oz. 

0.0 

9.5 

8.0 

10.0 

7 

1/4 

1  Side 

1  oz. 

8.5 

9.5 

8.5 

10.0 

8 

1/4 

1  Side 

t  oz. 

8.5 

9.5 

9.0 

10.0 

Averace  Peel  StrenRtli  Values 

0.1 

O.G 

8.6 

10.0 

mm 

1/4 

■MU 

2  oz. 

13.5 

14.0 

14.0 

14.0 

1/4 

2  oz. 

12.0 

14.0 

13.0 

14.0 

11 

1/4 

2  oz. 

12.5 

13.0 

13.0 

14.0 

12 

1/4 

■■ 

2  oz. 

13.5 

12.5 

14.0 

15.5 

13 

1/4 

2  oz. 

13.0 

13.0 

13.0 

14.0 

14 

1/4 

2  oz. 

13.5 

14.0 

14.0 

14.0 

15 

1/4 

2  oz. 

12.0 

13.0 

13.0 

14.0 

16 

1/4 

■B!9 

2  oz. 

13.0 

13.5 

13.0 

14.5 

AveraRR  Peel  Strength  Values 

12.9 

13.4 

13.4 

14.3 

TABLE  LXXXJX 

PEEL  STRENGTH  OF  MANUFACTURER  D  (1/4  INCH  THICKNESS) 


1‘aper  Bat>e  Epuxy  Laniiiiaic 


1 

■■ 

1  Side 

1  nz. 

9.0 

0.5 

9,0 

2 

1  Side 

1  oz. 

9.5 

13.0 

9.0 

3 

1  Side 

1  oz. 

8.0 

9.5 

9.5 

10.5 

4 

1  Side 

1  oz. 

0.5 

11.0 

9.5 

10.5 

5 

1/4 

1  Side 

1  oz. 

10.0 

10.5 

9.5 

11.0 

6 

1/4 

1  Side 

1  oz. 

9.0 

10.0 

10.0 

10,5 

7 

1/4 

1  Side 

1  oz. 

10.0 

10.0 

9.5 

10.5 

8 

1/4 

1  Side 

1 

;o.o 

10.0 

9.5 

10.5 

Average  Peel  Strength  Valuc.s 

9.4 

10.4 

bbbb 

10.5 

1/4 

1  Side 

2  oz. 

■■ 

1/4 

1  Side 

2  oz. 

11,0 

11 

1/. 

1  Side 

2  oz. 

12.0 

12.0 

14.0 

12 

1/4 

1  Side 

2  oz. 

11.5 

12.0 

12.0 

13.5 

13 

1/4 

1  Side 

2  oz. 

12.0 

12.0 

12.0 

13.0 

14 

1/4 

1  biuu 

2  (iz. 

i  \  ,u 

i2.u 

13.0 

1 13,0 

15 

1/4 

1  Side 

2  oz. 

11.0 

12.0 

13.0 

iri.f) 

IG 

j/4 

1  Side 

2  oz. 

12.0 

12.0 

13.0 

Average  Peel  .Strength  Values 

11.6 

11.8 

12.4 

13.4 

1 
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TAHLE  XC 


VOLUME  UFSISTIVITY  AND  SUlt  FACE  HESISTANCK  TEST  UHSULTS  OF 
MANU  KAC  rUiti.K  A  (l/iC  AND  3/32  INCH  TillCKNEjS 


Pap Cf  Rise  F.poxy  Laminate 


Sperimen 

Number 

Copper 

Cl.ut 

Cojjpcr 

Foil 

\Voip;ht 

(Ounces) 

C<»mpositc 

Material 

Tliickncs.s 

(Ineli) 

Volume  He.si.slivi;y 

Hv 

(Mepolim- Centimeters) 

Surfaee 

Ile.sistanee 

(Mepohms) 

1 

Two  Sitles 

1  oz. 

1/16 

1.4  X  10^ 

f) 

5  X  It) 

8 

5 

2 

u  blilos 

1  o/.. 

1/16 

4.3  V  10 

5  X  10 

3 

Two 

i 

1  - 1  r. 

1.29  X  lO'* 

c;  --  1 

•j  A  a  tj 

4 

Two  Sides 

1  oz. 

1/16 

2. 16  X  lo“ 

2  X  lu  ^ 

5 

Two  Sides 

1  0/* . 

1/16 

1.20  X  10^ 

4  X  lo' 

i> 

Two  Sides 

1  oz. 

1/16 

3.23  X  10® 

3, 5  X  10^ 

7 

Two  Sides 

1  oz. 

1/1 C 

2.48  X  10® 

5  X  10^ 

8 

Two  Sides 

1  oz. 

1/16 

2.  69  X  10® 

8  X  10® 

9 

Two  Sides 

1 

1/16 

1.  85  X  10® 

7  X  10® 

10 

Two  Sides 

1  oz. 

1/16 

4.97  X  10® 

7  X  10® 

11 

Two  Sides 

1  oz. 

1/16 

4.97  X  10® 

7  X  10® 

12 

Two  Sides 

1  ()/.. 

I/IO 

0.99  X  10® 

7  X  10® 

13 

Two  Sides 

1  oz. 

1/16 

0.  i;i  X  10® 

8  X  10® 

Averaf.e  Value 

2.  49  X  10® 

5.  70  X  10® 

14 

Two  Sitles 

2  oz. 

2 /.1 2 

G.  15  X  10® 

2.0  X  10® 

15 

Two  Sitles 

2  oz. 

3/32 

6.50  X  10® 

1. 6  X  10® 

IG 

Two  Sides 

2  oz. 

3/32 

7.  17  X  10® 

0.  8  X  10® 

17 

Two  Sides 

2  oz. 

3/32 

9.47  X  10® 

1.3  X  10® 

18 

Two  Sides 

2  oz. 

3/32 

7.  17  X  10® 

2.0  X  10® 

19 

Two  Sides 

2  n/.. 

3/32 

8.  60  X  10® 

2.0  X  10® 

20 

Two  Sitk's 

2  u/.. 

3/32 

7.  81  X  10® 

0.53  X  10® 

21 

Two  Sides 

2  oz. 

3/32 

7.  27  X  10® 

0.72  X  10® 

22 

Two  Sides 

2  oz. 

3/32 

8.  10  X  10® 

1.8  X  10® 

23 

Two  Sides 

2  oz. 

3/32 

10.70  X  10® 

3.0  X  10® 

24 

Two  Sides 

2  oz. 

3/32 

9.  40  X  10® 

0. 8  X  10® 

25 

Two  Sides 

2  oz. 

3/32 

8, 00  X  10® 

2.0  X  10® 

26 

Two  Sitles 

2  oz. 

3/32 

G.  50  X  10® 

2.0  X  10® 

27 

Two  Sides 

2  oz. 

3/32 

7.  00  X  10® 

2.0  X  10® 

28 

Two  Sides 

2  oz. 

3/32 

8.  GO  X  10® 

1.0  X  10® 

25 

Twu 

*:•  u/.. 

n 

O/  OCt 

9.47  .\  10® 

5.0  X  10® 

Average  Value 

8.00  X  10® 

1. 83  X  10® 
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TABLE  XCI 


VOLUME  RESISTIVITY  A\'D  SURFACE  RESISTANCE  TEST  RESULTS  QF 
MANUFACTURER  B  (1  IG  AND  3,  32  INCH  THICKNESS) 


P.ippr  iLisc  Epoxy  Laniiniilc 


Siiecimcn 

Number 

Copper 

duel 

Copper 

Foil 

VVoitilit 

(Ounces) 

— 

Composile 

Material 

Thickness 

(Inch) 

VuUmio  Hesislivily 

HV 

(Moizolim-Ccnllmctcrs) 

5«ii  f.ico 
Ui'si.si.iDice 

RS 

(Mi'liolims) 

1 

Tw(}  SuU's 

1  11/ . 

1,-1  G 

3.40  X  10® 

20.4  X  10^ 

2 

Twii  .Snlr.'^ 

1  OZ, 

1  Tfi 

5. 3H  X  10® 

27,0  X  lo'’ 

:t 

'T'vvii  Si>li'‘« 

1  OZ, 

1  ir. 

n, :tii  \  111® 

I';'..:!  \  uy' 

4 

'Tuti  Si«l>''' 

1  o/.. 

1  IG 

T).  m;  .X  IP 

2B.II  X  111'' 

5 

Two  Siili's 

■1  OZ. 

1-  IG 

5.  G3  X  10® 

20.0  X  lO’ 

n 

Two  Suit's 

1  riz. 

1/TG 

r..47  X  10® 

22.  8  X  10'’ 

7 

Two  Hull's 

1  oz:, 

1,'  1(. 

4.9B  X  10® 

33.4x10'’ 

8 

Two  Hull's 

1  C'Z. 

1/lC 

4. ?H  X  10® 

29.4  x  11)'’ 

9 

Two  Hull's 

1  oz. 

1/lG 

B 

5.40x10 

18.  r,  s  in'* 

10 

Two  Hiiilrs 

1  oz, 

MG 

11.95  X  10® 

20.0  X  lo'* 

11 

Two  Sulic.s 

1  oz. 

1.  If) 

7. IB  X  in® 

19. 2  X  11)'’ 

12 

T'to  Soli's 

1  oz. 

1..  It; 

4.!)H  X  10® 

IG.  2  10'’ 

1.3 

Two  Soli's 

1  oz. 

1  ir. 

5. 81)  X  10® 

23.3  X  10'’ 

H 

Tw  o  Solos 

1  oz. 

1  ir. 

5.3H  X  10® 

22. 8  .X  10'’ 

15 

Tw  o  Solos 

1  oz. 

1  If) 

5.38  X  10® 

24. 2  .X  10'’ 

If) 

— 

Two  Solo.s 

1  oz. 

MG 

7. 18  X  in® 

- 

21.  H  X  10  '’ 

H  'i 

Avci;i(*,«>  Value  5.03  x  10  21.0  \  lO' 


17 

I  wo  Siili'.s 

2  oz. 

3  .32 

5.37  X  10® 

17. H  S  10’ 

IH 

T.vo  .Siilo.s 

2  oz. 

3,32 

7. 17  X  ID® 

13.9 

■i  10® 

10 

Two  5i(l|('.x 

2  oz. 

3  ,  32 

7. 81  X  10® 

21.7  X  1  o'’ 

20 

Two  Siilf's 

2  (iz. 

3/32 

G.  15  X  10® 

12.2  X  10® 

21 

Two  .Sides 

2  oz. 

3/32 

7, 17  X  10® 

21. 8  X  10® 

22 

Two  Hide* 

2  nz. 

3  32 

r..  72  X  10® 

25.0  X  10’ 

23 

Two  .Slides 

2  oz. 

3  32 

G.95  X  ID® 

'20.0  x  111  ’ 

24 

Two  .Siide.s 

3  32 

0.53  X  ID® 

14. 5  X  10'’ 

25 

IWo  .Sldi'-s 

2  (1/, 

3,  32 

H 

35.80  X  li) 

3:1.4  X  111® 

2f) 

Two  Slldr.s 

2  oz. 

3  32 

BG.DO  X  10® 

50,  H  > 

in'’ 

27 

Two  Hidi'v. 

2  oz. 

3/32 

G.72  X  10® 

12.5  X  10® 

28 

Twr*  SiMi"- 

2  oz. 

3/32 

5.74  X  10® 

if).  7  X  10® 

2S 

Two  Hides 

2  oz. 

3/32 

97.50  X  10® 

20.4  X  10’ 

30 

Two  Sides 

2  oz. 

3/32 

6. 15  .\  10® 

10.7  X  10® 

31 

Two  Sides 

2  07. . 

3/32 

G.33  X  10® 

55.8  X  10  ’ 

32 

Two  .Side.s 

-  ■— 

2  oz, . 

3/32 

G.  G3  X  10® 

13.2  X 

10’ 

O  ^ 

Averatre  V.iUip _ G.  57  x  10  _  IB.  G  x  lo  ’ 
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VOLUME  RESISTIVITY  AND  SURFACE  RESISTANCE  TEST  RESULTS  OF 
MANUFACTURER  D  (1,  16  AND  3/32  INCH  THICKNESS) 


Paper  n;iso  Epoxy  Lamtiiiitc 


Specimen 

Number 

Coj)pcr 

Clad 

Copper 

Foil 

Weipht 

(Ounces) 

Composite 

Material 

Thickness 

(Inch) 

Volume  Resistivity 

Rv 

(Mepohin-Ccntimetcrs) 

Siirlaee 

Rcsislanec 

RS 

(Mnfiiihm.s) 

■ 

1 

Two  Siden 

1.030  X  10® 

28.6  X  lo'’ 

> 

2 

Two  Sides 

m^rn 

0.996  X  !0® 

25.  n  s  in'’ 

, 

3 

Two  Sides 

1/16 

0.938  X  10® 

27.  H  X  1'/’ 

1 

4 

Two  Sides 

1-T6 

0.770  X  10® 

17.25x111’ 

5 

Two  Sides 

.1  nz. 

1/16 

0.938  X  10® 

13.15x11)'’  1  1 

r, 

Two  Sides 

1  oz. 

1/lG 

1,019  X  lu® 

22.70  A  lo’ 

1  L 

7 

Two  Sides 

1  oz. 

1  16 

0.702  X  10® 

22.70  X  lo’’ 

- 

8 

Two  Sides 

1  oz. 

1/16 

0.925  X  10® 

50.00  .X  10^ 

1 

9 

Two  Sides 

1  oz. 

1/16 

0.572  X  10® 

13.  15  .\  10^ 

10 

Two  Sides 

1  oz. 

1/16 

0.874  X  10® 

21.30  X  lO*’ 

i 

11 

Twn  oiviCiS 

1  oz. 

1/'16 

1.010  X  10® 

18.  8.5  X  10^ 

12 

Two  Si<les 

1  o/.. 

1,  10 

0.  862  X  10® 

91. 0  X  in'’ 

13 

Two  Sules 

1  oz. 

1/16 

1.078  X  10® 

15.62  X  lo'’ 

14 

Two  Sides 

1  oz. 

1/lC 

0.996  X  10® 

41.70  X  lO’’ 

15 

Two  Sides 

1  oz. 

1/16 

0.328  X  10® 

55.50  X  10^ 

! 

1 

16 

Two  Si<les 

1  oz. 

_ _ _ 

1,16 

1.028  X  10® 

46.70  X  10^ 

1 

Avoraiic  Value 

0.910  X  10® 

28.0  X  10^ 

1 

17 

Two  Sides 

2  nz. 

3/32 

1. 130  X  10® 

51.5  X  10^ 

! 

18 

Two  Sides 

2  oz. 

3/32 

1. 148  X  10® 

42.7  X  lo’’ 

* 

19 

Two  Sides 

2  oz. 

3  32 

1.075  X  10® 

48,0  X  lo’’ 

20 

Two  Sides 

2  oz. 

3/32 

0.730  X  10® 

40.3  X  U)’’ 

21 

Twci  Sides 

2  nz. 

3/32 

1. 195  X  10® 

42.4  X  10^ 

22 

Twti  Sides 

2  oz. 

3/32 

0.790  X  10® 

27.4  X  10® 

1 

1 

23 

Two  Sides 

2  oz. 

3/32 

O.GOG  x  10® 

34.95  X  10® 

V- 

24 

Two  Sides 

2  oz. 

3/32 

1.025  X  10® 

87.71  X  10®  i  . 

25 

Two  Sides 

2  oz. 

3/32 

0.488  X  10® 

61.00  X  10^  1 

26 

Two  Sides 

2  uz. 

3/32 

1.025  X  10® 

43.50  X  in'’ 

27 

Two  Sides 

2  oz,. 

3/32 

0.895  X  10® 

91.0  .X  lo'’ 

1 

28 

Two  Sides 

2  oz. 

3/32 

0.934  X  10® 

,  86.3  X  lO® 

L 

29 

Two  Sides 

3  oz. 

3/32 

1.048  X  10® 

80.7  X  10® 

1 

30 

Two  Sides 

2  oz. 

3/32 

1.076  X  10® 

74.7  X  lo  ’ 

i 

31 

Two  Sides 

2  oz. 

3,^32 

0.  642  X  10® 

53.2  .\  10® 

32 

Two  Sides 

2  oz. 

3/32 

0.812  X  10® 

44.7  X  10® 

Average  Value 

0.915x10® 

35.5  X  10® 

240 
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TABLE  Xail 


VOLUME  nESISTTVlTY  AND  SUItFACE  RESISTANCE.TEST  RESULTS  OF 
MANUFACTURER  A  AND  D  (1/8  INCH  THICKNESS) 


Pajier  Riiso  Epoxy  Laminate 


Specimen 

Number 

Clad 

Copper 

Foil 

Weight 

(Ounces) 

ComiJosite 

Material 

Thickness 

(Inch) 

Volume  Heslslivlty 

HV 

(Megohm-  Centimeters) 

Su  ll.iee 
He.si.'-l.iiifC 
Rs 

(Mej;i)l’ms) 

1 

Si  ties 

1  nz. 

1/8 

1.30  X  10*^ 

8 

1.35  X  10 

4.  1  X  1(1^ 

2 

Twt)  Sitles 

1  C)Z. 

1/8 

2.  n  : 

t  10' 

3 

Twn  Sitles 

1  07.. 

1/8 

2.45  X  10® 

3.4  X  11/’ 

4 

Twti  Sitles 

1  07. 

1/8 

3.40  X  10® 

0.3  X  Id  ’ 

5 

Two  Sitles 

1  07. 

1/8 

4.00  X  10® 

8.4  X  10^ 

C, 

Two  SlliCb 

1 11/.. 

1/e 

3.24  X  10® 

10.0  X  Id' 

7 

Twfi  Sitles 

1  07. 

1/8 

4.fi5  X  10® 

0,  0  X  10® 

e 

Twn  Sitles 

1  t)7. 

1/8 

1.75  x  10® 

5.0  X  Id’ 

9 

Two  Suit’s 

1  0/. 

1/8 

2.50  X  10® 

0,3  X  lo  ’ 

10 

Two  Sitles 

1  oz. 

1/8 

2.45  X  10® 

4.  7  ; 

<  Id’ 

11 

Twn  Sitles 

1  oz. 

1/8 

3.08  X  10® 

7.3  X  Id’ 

12 

Two  Sitles 

1  07. 

1/8 

2.75  X  10® 

1  10.4.' 

t  Id’’ 

13 

Tvvti  Sides 

1  oz. 

1  '8 

1. 85  X  10® 

7.0  X  Id® 

14 

Tvcti  Sides 

1  (IZ. 

1,  « 

3.  4f)  X  10® 

0.  5  X  Ifi  ’ 

If) 

1  wti  Sitles 

1  oz. 

1  '8 

1. 05  X  10® 

9.0  X  Id® 

Two  Sitles 

1  oz. 

1/8 

_ 1 

2.75x10® 

H  8  s  Id  ’ 

Average  Value  for  Manufacturer  A 

2.42  X  10® 

5.98  X  10® 

17 

Twn  Sides 

1 

1  07. 

4. 58  X  10® 

5 

iOO  X  111 

18 

Two  Sitles 

loz. 

1/8 

5.08  .V  10® 

20.9  > 

i  Id  ’ 

n 

Twn  Sitles 

1  oz. 

1/8 

15.0  .> 

i  Id  ’ 

20 

Twn  Sitles 

1  07. 

1/8 

5. 01  X  10®  1 

40.  0  \  in’’ 

21 

Two  Sitles 

1  07. 

1/8 

G.  15  X  10®  j 

43. 8  .V 

;  Id'’ 

22 

Two  Sides 

1  oz. 

1.  H 

o  ' 

0,  07  X  10  1 

I  H.  47  > 

i  Id’ 

23 

Twn  Sitles 

1  07. 

1/8 

G.  10  X  10® 

40.0  ^ 

;  Id'’ 

24 

Twn  Sides 

1  07. 

1/8 

8.43  X  10® 

39.  1  > 

;  10  ’ 

25 

Twn  Sitles 

1  07. 

1/8 

6.90  X  10® 

r, 

45.5  \  SO 

20 

Two  Sitles 

1  nz. 

1/8 

4.93  X  10® 

40.  7  x  10® 

27 

Two  Sitles 

1  07. 

L8 

G.96  X  10® 

51.5  X  Id® 

28 

Tw'i  Sitles 

1  oz. 

l,/8 

6.  G7  X  10® 

42.4  X  10® 

29 

Two  Sitles 

1  oz. 

1/8 

C.  G7  X  10® 

25.9  X  10  ’ 

30 

Two  Sitles 

1  nz. 

1/8 

5.34  X  10® 

53.2  X  10® 

31 

Twn  Sitles 

1  07. 

1/8 

8.00  X  10® 

no .  r.  > 

;  lo’ 

32 

Tv’o  Sitles 

1  07. 

1/8 

6.  40  X  10® 

19.5  > 

1  I'V’ 
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VOLUME  RESISTIVITY  AND  SURFACE  RESISTANCE  TEST  RESULTS  OF 
MANUFACTURER  D  (1/8  INCH  THICKNESS) 

_ Paper  Base  Epoxy  Laminate _ 


Copper 

Composite 

Surface 

Specimen 

Copper 

Foil 

Material 

Volume  Resistivity 

Resistance 

Number 

Weight 

Thickness 

RV 

RS 

(Ounces) 

(Inch) 

(Megohm- Centimeters) 

(Megohms) 

1 

Two  Siiles 

1  oz. 

1/8 

1. 040  X  10® 

32.41  X  10® 

2 

Two  Sides 

1  0/.. 

1/8 

0. 828  X  10® 

17.62  X  10® 

3 

Two  Sides 

1  oz. 

1/8 

0.928  X  10® 

33.14  X  10^ 

d 

Two  Sides 

1  Oil. 

1/8 

0.725  X  10® 

18.23  X  10® 

5 

Two  Sides 

1  oz. 

1/8 

1.000  X 10® 

24.78  X  10® 

C 

Two  Sides 

1  oz. 

1/8 

1.400  X  10® 

22.34  X  10® 

7 

Two  Sides 

1  oz. 

1/8 

1.7fi8  X 10® 

29.70  X  10® 

8 

Two  Sides 

1  oz. 

1/8 

0.973  X  10® 

31. 60  X  lo'’ 

9 

Two  Sides 

1  oz. 

1/8 

0.974  X 10® 

27.27  X  10® 

10 

Two  Sides 

1  oz. 

1/8 

1.275  X  10® 

38.44  X  10® 

11 

Two  Sides 

1  oz. 

1/8 

1.250  X  10® 

33.62  X  10® 

12 

Two  Sides 

1  oz. 

1/8 

1.346  X  10® 

35.40  X  10® 

13 

Two  Sides 

1  oz. 

1/8 

1.234  X  10® 

33.  15  X  10^ 

14 

Two  Sides 

1  oz. 

1/8 

1.040  X 10® 

34.00  X  10® 

15 

Two  Sides 

1  oz. 

1/8 

0.986  X  10® 

29.40  X  10® 

le 

Two  Sides 

1  oz. 

1/8 

1.740  X  10® 

28.75  X  10® 

Average  Value 

1. 160  X  10® 

29.30  X  10® 

I 

■ 

I 

I 


I 
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S  WATER  ABSORPTION  TEST  RESULTS  OF  MANUFACTURER  A 

m  Paper  Base  Epoxj^  Laminate 


Specimen 

Number 

ConipOSiite 

Material 

Thickness 

(Inches) 

Copper 

Clad 

Copper 

Foil  Weight 
(Ounces) 

Manufacturer 

1 - ^ 

1 

Si  Abiiorpti nu 

1 

Double 

1  oz. 

A 

0.49 

2 

Double 

1  oz. 

A 

0.46 

3 

1/16 

Double 

1  oz. 

A 

0.78 

4 

1/16 

Double 

1  oz. 

A 

0.44 

5 

1/16 

Double 

1  oz. 

A 

0.51 

G 

1/16 

Double 

1  oz. 

A 

0.52 

7 

i/16 

Double 

1  oz. 

A 

0.49 

8 

1/16 

Double 

1  oz. 

A 

0.54 

9 

1/16 

Double 

1  oz. 

A 

0.24 

10' 

1/16 

Double 

1  oz. 

A 

0.45 

11 

1/16 

Double 

1  oz. 

A 

0.52 

12 

1/16 

Double 

1  02. 

A 

0.52 

13 

1/16 

Double 

1  oz. 

A 

0.47 

14 

1/16 

Double 

1  oz. 

A 

0.52 

15 

1/16 

Double 

1  oz. 

A 

0.46 

16 

1/16 

Double 

1  oz. 

A 

0.49 

Average  Value  0,49 

17 

3/32 

Double 

2  oz. 

A 

0.38  1 

18 

3/32 

Double 

2  oz. 

A 

0.39 

19 

3/32 

Double 

2  oz. 

A 

0.37  1 

20 

3/32 

Double 

2  oz. 

A 

0.31  1 

21 

3 -'32 

Double 

2  oz. 

A 

0.4  5  1 

22 

3/32 

Double 

2  oz. 

A 

0.27  j 

23 

3/32 

Double 

2  oz. 

A 

0.31 

24 

3/32 

Double 

2  oz. 

A 

0.40 

25 

3/32 

Double 

2  oz. 

A 

0.33 

2G 

3/32 

Double 

2  oz. 

A 

0.33 

27 

3/32 

Double 

2  oz. 

A 

0.32 

28 

3/32 

Uou'ole 

2  oz. 

A 

0.31 

29 

3/32 

Double 

2  oz. 

A 

0.34  ! 

30 

3/32 

Double 

2  oz. 

A 

0.39  i 

31 

3/32 

Double 

*  2  oz. 

A 

(:),3G  i 

32 

3/32 

Double 

2  oz. 

A 

0.34  i 

Average  Value  0,35 

23 

1/8 

Single 

1  oz. 

A 

0.35 

34 

1/8 

Single 

1  oz. 

A 

0.34 

35 

1/8 

Single 

1  oz. 

A 

0.30 

3G 

1/8 

Single 

1  oz. 

A 

0.37 

37 

1/8 

Single 

1  oz. 

A 

0.43 

38 

1/8 

Single 

1  oz. 

A 

0.44 

I 

i 
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TABLE  XCV{CONT) 

WATER  ABSORPTION  TEST  RESULTS  OF  MANUFACTURER  A 


Paper  Base  Epoxy  Laminate 


Specimen 

Number 

Composite 

Material 

Thickness 

(Inches) 

Copper 

Clad 

Copper 

Foil  Weight 
(Ounces) 

Manufacturer 

fe  Absorption 

39 

■n 

Single 

A 

0.46 

40 

Single 

A 

0.30 

41 

1/8 

Single 

A 

0.25 

42 

1/8 

Single 

1  oz. 

A 

0.30 

43 

1/8 

Single 

1  oz. 

A 

0.28 

44 

1/0 

Single 

1  oz. 

A 

0.34 

45 

1/0 

Single 

1  oz. 

A 

0.32 

46 

1/8 

Single 

1  oz. 

A 

0.40 

47 

1/8 

Single 

1  oz. 

A 

0.36 

48 

1/8 

Single 

1  oz. 

A 

0.33 

Average  Value  0.35 

TABLE  XCVI 


VVArKR  ABSORPTION  TEST  RESULTS  OF  MANUFACTURER  B 
Paper  Base  Epoxy  Laminate 


Specimen 

Number 


1 

•> 

O 

4 

5 
G 

7 

8 
9 

10 

n 

i  -t 
1  fl 

Hi 


Composite 

Material 

Thickness 

(Inches) 

Copper 

Clad 

Copper 

Foil  Weight 
(Ounces) 

Manufacturer 

1  IG 

Double 

1  OZ. 

B 

1  IG 

Doiiblf 

1  OZ. 

B 

1  IG 

Double 

1  OZ. 

B 

1  -IG 

Duuljle 

1  OZ. 

B 

1  '16 

Double 

1  OZ. 

B 

1  -IG 

Double 

1  OZ. 

B 

1  IG 

Double 

1  OZ. 

B 

1.  Hi 

Double 

1  OZ. 

B 

1  IG 

Double 

1  02’.. 

B 

1  'IG 

Double 

1  OZ. 

B 

1  1 G 

Double 

1  OZ. 

B 

1  Hi 

Douiile 

1  OZ. 

B 

!  1  (i 

Dontilc 

1  OZ. 

B 

1  i  1. 

Doutili! 

1  OZ. 

B 

1  H. 

D'Uhlo 

1  OZ. 

B 

1  Hi 

Hmiblo 

1  OZ. 

B 

&  Absorption 


0.42 

0.42 

0.47 

0.45 

0.44 

0.42 

0.46 

0.38 

0.47 

0.44 

0.40 

0.41 

0.45 

0.42 

0.45 

0.52 


Average  Value  0.44 


rt 

T 

3 

32 

Double 

2  uz. 

B 

0.29 

18 

3 

'32 

Double 

2  OZ. 

B 

0.36 

19 

3 

32 

Double 

2  OZ. 

B 

0.37 

LG; 

3 

32 

Double 

2  OZ. 

B 

0.27 

L  1 

3 

32 

Double 

2  OZ. 

B 

0.28 

22 

3 

32 

Double 

2  uz. 

B 

0.26 

23 

3 

32 

Double 

2  OZ. 

B 

0.29 

24 

.3 

•  32 

Double 

2  OZ. 

B 

0.28 

2') 

3 

'32 

Di.'alile 

2  OZ. 

B 

0.2G 

2t.  i 

1 

32 

I  )oul)li- 

2  OZ. 

B 

ii.3n 

27  1 

3 

32 

Double 

2  OZ, 

n 

n.3.1 

2G 

3 

32 

Doullle 

2  OZ. 

U 

0.24 

29 

*  ■/ 

Doulile 

2  OZ. 

B 

ti.27 

30 

32 

Double 

2  OZ. 

B 

0.25 

31 

3, 

Double 

2  OZ. 

B 

0.27 

32 

3 

32 

Doulile 

2  cz. 

B 

0.26 

Average  Value  0.29 


33 

1/fi 

Single 

1  OZ. 

B 

34 

1/H 

Single 

1  uz. 

B 

0.35 

35  i 

i  1  'f! 

Single 

1  oz. 

B 

0.27 

3G 

1  '8 

Single 

1  oz. 

B 

0.28 

37 

j  -'i 

Single 

1  oz. 

B 

0,32 

38 

_ 1 

1  fi 

! 

j  Single 

1  oz. 

B 

0.23 

I 

I 

I 


1 

I 


TAm.K  XCVI  (CONT) 

WATER  ABSORPTION  TES'l'  RESULTS  OF  MANUFACTURER  B 


Paprr  Base  Epnxy  Laniiiiato 


Sprchmi! 

ConipufiilG 
Mall' rial 

Copprr 

CojipPi* 

NuniRor 

'I’hi(4int!.sH 

(luclies) 

Clad 

Foil  Wi.-if'hl 
(Oiiiio-cs) 

Manufartui’or 

&  Absorption 

39 

1/8 

1  oz. 

B 

0.34 

40 

1/8 

1  oz. 

B 

0.26 

41 

1/8 

1  oz. 

B 

0.22 

42 

1/8 

Sin"li.' 

1  oz. 

B 

G.2G 

43 

1/8 

SiiydG 

1  oz. 

B 

0.33 

44 

1/8 

Sin^li? 

1  oz. 

B 

0.26 

46 

1/8 

Single 

1  oz. 

B 

0.29 

4  6 

1/8 

SiiifRo 

1  oz. 

B 

0.24 

47 

1/8 

Single 

1  oz. 

B 

0.33 

48 

1/8 

Single 

1  oz. 

B 

0.36 

Average  Value  0.29 
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TABLE  XCVH 


WATER  ABSOHPnON  TEST  RESULTS  OF  MANUFACTURER  D  (1/lC  AND  3/32  THICKNESS) 


Paper  Dnsc  Epoxy  I.nininnto 


Specimen 

Number 

Composilc 
Male  rial 
Thickness 
(Inch) 

Cupper 

Clart 

Copiier 

Foil  Weiglil 
(Ounces) 

Manufacturer 

Ab.stirption 

1 

MBSM 

Double 

1  oz. 

■ 

D 

0.44 

2 

Df)uble 

1  uz. 

D 

0.45 

3 

Double 

1  oz. 

D 

0.54 

4 

1''16 

Double 

1  OZ. 

D 

0.5G 

3 

1  'IG 

Double 

1  oz. 

D 

0.45 

G 

1  'IG 

Double 

1  oz. 

D 

0.42 

7 

1  IG 

Double 

1  oz. 

D 

0.43 

8 

1/16 

Dvauble 

1  uz. 

D 

9 

1, 16 

Double 

1  oz. 

D 

*  0.43 

10 

1/16 

Double 

1  oz. 

D 

0.44 

n 

1/16 

Double 

1  oz. 

D 

0.39 

12 

1/16 

Double 

1  oz. 

D 

0.45 

13 

1/16 

Double 

1  oz. 

D 

0.41 

14 

1/16 

Double 

1  oz. 

D 

0.36 

15 

1/16 

Double 

1  oz. 

D 

0.41 

If. 

1/16 

Double 

1  oz. 

D 

0.37 

Averaue  Value  0.44 

17 

3/32 

Dtjuble 

D 

0.21 

18 

3/32 

Double 

D 

0.17 

in 

3/32 

Double 

2  uz. 

D 

0.29 

20 

3^32 

Double 

2  uz. 

D 

0.22 

21 

3 '32 

Double 

2  07. 

D 

0.27 

22 

3/32 

Double 

2  oz. 

D 

0.25 

23 

3/32 

Double 

2  oz. 

D 

0.24 

24 

3/32 

Double 

2  oz. 

D 

0.26 

25 

3/32 

Double 

2  oz. 

D 

0.22 

26 

3/32 

Double 

2  oz. 

D 

0.30 

27 

3/32 

Double 

2  oz. 

D 

0.19 

28 

3/32 

Double 

2  oz. 

D 

29 

3/32 

Double 

2  oz. 

D 

0.25 

30 

3/32 

Double 

2  oz. 

D 

0.15 

31 

3/32 

Double 

2  uz. 

D 

0.30 

32 

3/32 

Double 

2  oz. 

D 

_ 1 

0.20 

Average  Value  0.24 

•  SPECIMEN  NOT  TESTED  BECAUSE  OF  BEING  DAMAGED 
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TAULE  XCVm 


WATFU  AnSOUl’TlON  TP:ST  RESULTS  OF  MANIIFACTUHl- R  0(18  INCH  TMICKM  SS> 


Pajicr  Dasp  E|>iixy  Uiminatc 


Specimen 

Number 

Compos  tie 
Material 
Thickness 
(Inrh) 

Copper 

Clad 

Copper 

Foil  Weight 
(Ounces) 

Manufacturer 

Alisorptinn 

1 

mam 

Siiiple 

1 

U/. 

D 

I). 

-14 

2 

Siiiple 

1 

n/. 

n 

1) 

■T.l 

3 

Smple 

1 

n/. 

n 

u 

3:i 

4 

1  M 

Sttiple 

1 

!>/, 

n 

I) 

2') 

5 

1  R 

Sliiple 

1 

o/. 

1) 

0 

2H 

fi 

18 

Siiitjie 

1 

<»/. 

1) 

0 

3f. 

7 

1  8 

Simple 

1 

f>/. 

I) 

0 

32 

B 

1-8 

Staple 

1 

n/. 

n 

0 

34 

9 

1  B 

Siiiplc 

1 

07. 

D 

0 

37 

1  8 

Shiple 

1 

n/. 

D 

0 

33 

11 

1.  8 

Siiiple 

1 

U7. 

n 

0 

38 

12 

1  8 

Siiipte 

1 

o/. 

D 

0 

.34 

13 

1.  H 

Siiiple 

1 

07. 

n 

0 

29 

14 

1/8 

Single 

1 

U7. 

r/ 

0 

27 

IS 

1/8 

Single 

1 

07. 

0 

0 

30 

16 

18 

Single 

1 

07. 

D 

0 

33 

Average  Value 

0. 

32 
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TABLE  XCIX 


DIELECTRIC  BREAKDOWN  TEST  RESULTS  OF  MANUFACTURER  A 


Pitiior  lUsc  E}H>xy  Lumlnatc 


Siicclnicn 

Number 

C'))n|M>sllc 

Malm- In  1 

Thickness 

(Inch) 

Copper 

Clad 

CnpiH'r 

I'llii 

Weight 

(Ounces) 

Mn-akdown 

Voltage 

(Kilovolts) 

1 

1/32 

Single 

1  oz. 

32.5 

2 

1/32 

Single 

1  oz. 

37.5 

3 

1/32 

Single 

1  oz. 

32.5 

4 

1/32 

Single 

1  oz. 

32.5 

5 

1/32 

Single 

1  oz. 

30.0 

Avcr.age  Value 

33.0 

C 

1/lG 

Douglc 

|HnH|| 

45.0 

7 

1/lG 

Double 

45.0 

8 

1/1 G 

Doable 

40.0 

9 

1/16 

Double 

40.0 

10 

1/16 

Double 

■15.0 

Average  Value 

43.0 

3/32 

1  oz. 

>55.0 

3/32 

1  oz. 

>55.0 

3/32 

1  oz. 

>55.0 

14 

3/32 

1  oz. 

>55.0 

15 

3/32 

1  oz. 

>55.0 

Average  Value 

>55.0 

16 

1/8 

Single 

1  oz. 

55.0 

17 

1/8 

Single 

1  oz. 

>55.0 

18 

1/8 

Single 

1  oz. 

>55.0 

19 

1/8 

Single 

1  oz. 

50.0 

20 

1/8 

Single 

1  oz. 

.  >55.0 

Average  Value 

>54.0 

21 

1/4 

Single 

1  oz. 

50.0 

22 

1/4 

Single 

1  oz. 

>55.0 

23 

1/4 

Single 

1  oz. 

50.0 

24 

1/4 

Single 

1  oz. 

>55.0 

25 

1/4 

Single 

1  oz. 

55.0 

Average  Value 

>53.0 

Note:  >  Indicates  a  value  greater  than  that  shown. 


! 
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TABLE  C 

DIELECTRIC  BREAKDOWN  TEST  RESULTS  OF  MANUFACTURER  B 


Paper  Base  Epoxy  ^mlnate 


Specimen 

Number 

— 

Composite 

Material 

Thickness 

(Inch) 

Copper 

Clad 

Copper 

Foil 

Weight 

(Ounces) 

Breakdown 

Voltage 

(Kilovolts) 

1 

1/32 

Single 

1  07. . 

>55.0 

2 

1/32 

Single 

1  o/. 

>55.0 

3 

1/32 

Single 

1  07. 

>55.0 

4 

1/32 

Single 

1  oz. 

>55.0 

5 

1/32 

Single 

1  07, 

>55.0 

Average  Value 

>55.0 

6 

Double 

1  oz. 

45.0 

7 

Double 

1  oz. 

55.0 

8 

Double 

1  oz. 

>55.0 

9 

Double 

1  07. . 

>55.0 

10 

Double 

1  oz. 

>55.0 

Average  Value 

>53.0 

3/32 

1  O'/. 

>55.0 

3/32 

1  07. . 

>.55.0 

3/32 

1  07. 

>55.0 

14 

3  '32 

Single 

1  OZ, 

55.0 

15 

3  32 

Single 

1  nz. 

>55.0 

Average  Value 

>55.0 

16 

1/8 

Single 

1  oz. 

>55.0 

17 

1/8 

Single 

1  07. . 

>55.0 

le 

1/8 

Single 

1  CZ. 

>55.0 

19 

1/8 

Single 

1  OX. 

>55.0 

20 

1/8 

Single 

1  OX. 

>55.0 

Average  Value 

>55.0 

21 

1/4 

lllimnHMH 

>55.0 

22 

1/4 

>55.0 

23 

1/4 

>55.0 

24 

1/4 

Single 

1  oz. 

>55.0 

25 

1/4 

Single 

1  oz. 

>55.0 

Average  Value 

>55.0 

I 

I 

I 

I 

1 

I 

I 


Note:  >inciicates  a  value  greater  than  that  shown. 
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TABLE  Cl 


DIELECTRIC  HHEAKDOWN  TEST  RESULTS  OF  MANUFACTURER  D 


Paper  rUtse  E|>oxy  Laminate 


Specimen 

Number 

CoJiiiMJsitc 

Material 

Thickness 

(Inch)i 

Copper 

Clad 

Copper 

Foil 

Weight 

(Ounces) 

Hreakdown 

Voltage 

(Kilovolts) 

1 

:l/'32 

Siiiglo 

1  az. 

>S5.0 

2 

1/32 

Single 

1  t»z. 

>55.9 

3 

1/32 

Single 

1  or.. 

>55.9 

4 

1/32 

Single 

1  oz. 

>55.9 

5 

1/32 

- . • 

Single 

1  oz. 

>55.0 

Aver-'ge  Value 

>55.0 

6 

1/16 

Doiililc 

1  oz. 

>55.9 

7 

1/16 

Double 

1  oz. 

>55.0 

8 

1/16 

Double 

1  oz. 

55.0 

9 

1/16 

Double 

^  02  A 

55.0 

10 

1/16 

Double 

1  02. 

>55.0 

Average  Value 

>55.0 

!1 

3/32 

1  oz. 

>55.0 

12 

3/32 

1  oz. 

>55.0 

13 

3/32 

1  oz. 

>55.0 

14 

3/32 

Single 

1  oz. 

>55.0 

IS 

3/32 

Single 

1  oz. 

>55.0 

Average  Value 

>55.0 

16 

1/8 

Single 

1  oz. 

>55.0 

17 

1/8 

Single 

1  oz. 

>55.0 

18 

1/8 

Single 

1  oz. 

>55.0 

19 

1/8 

Single 

1  oz. 

.>55.0 

20 

1/8 

Single 

1  oz. 

>55.0 

Average  Value 

>55.0 

21 

1/4 

1  02. 

>55.0 

22 

1/4 

1  oz. 

>55.0 

23 

1/4 

1  oz. 

>55.0 

24 

1/4 

Single 

1  oz. 

>55.0 

25 

1/4 

Single 

1  oz. 

>55.0 

Average  Value 

>55.0 

Note:  >liiidicatcs  a  value  greater  than  that  shown. 


6.4.7  Dielectric  Constant  and  Dissipation  Factor 


Tables  CII  and  CIII  show  the  test  results  of  dielectric  constant  and  dissipation  factor 
fur  Vendors  A>  B  and  D. 

6.4.8  Flexure  Test 

These  tests  were  performed  in  accordance  with  MIL-P-13949B  and  reported  in 
Tables  CIV  to  CXVIII,  The  overall  lest  results  were  consistent  from  one  vendor  to 
another.  There  was  an  average  of  400  P.S.I,  variation  between  leugthv'ise  and  cross¬ 
wise  flexure  strength  values. 

6.4.9  Flmmnability  Teat 


This  procedure  has  been  described  pei  paragraph  6. 3. 2. 7.  As  can  bs  seen  from 
Table  CX!X,  all  nf  the  paper  ba.se  epoxy  specimens  from  manufacturers  A,  B  and 
C  were  self-extinguishing.  This  agrees  with  the  manufacturers'  test  of  being  self¬ 
extinguishing. 

The  summary  of  all  the  physical  property  test  results  on  paper  epoxy  are  reported  in 
Table  CXX. 
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Specimen 

Number 


TAULE  Cn 

DIELECTHIC  CONSTANT  TEST  RESUI.TS  OF  MANUFACTUREHS  A,  B,  AND  D 


Paper  Base  Epoxv  Laminate 


Material 

Thickness 

(Inch) 


Copper 

Clad 


Copijcr 

Foil 

Weight 

(Ounces) 


Manufacturer 


Dielfc  trie 
Cuii.st.mt 
(One  Mi  'tacycic) 


1. 

S 

1 

•8 

L 

8 

1 

8 

1 

8 

Sinule 

Siiiule 

Single 

Single 

Single 


1 

oz. 

1 

oz. 

1 

uz. 

1 

uz.  . 

1 

oz. 

Average  Value 


Average  Value 


Single 

Single 


1 

oz. 

1 

oz. 

1 

c 

N 

1 

oz. 

1 

oz. 

Average  Value 


Avoraj^c  Value 


TABLE  cm 


i 


L?lb.:>IPA  riON  FAC  rOH  I't-JS  i  RESULTS  OF  MANUrACTURERS  A,  B,  AND  D 


Papor  I^a.so  F!pnxy  LHimiriiitL^ 


Material 

Copper 

Specimen 

Tlncknesy 

Copper 

Foil 

Dii'leelrie 

IVUlllLfL'l 

(Incli) 

Clad 

Weight 

Manufacturer 

Constant 

(Ounces) 

(One  Megacycle) 

1 

3  32 

Siiii;le 

1  oz. 

A 

0.037 

■) 

>J  %3L, 

Suiule 

!  0/.. 

A 

0.037 

a 

3  32 

.Single 

1  oz. 

A 

0.037 

*t 

3  32 

Single 

1  mZ. 

A 

0,038 

e; 

O  ■  •'1 

O  0^ 

Single 

1  07. 

A 

Average  Value  0.038 

6 

1  8 

Single 

1  oz. 

A 

0.040 

7 

1  8 

Single 

1  OZ. 

A 

0.039 

8 

1  8 

Single 

1  oz. 

A 

0.0.8 

0 

1  8 

Siiigli' 

1  oz. 

A 

0.038 

10 

1  8 

SingU 

1  oz. 

A 

0.038 

Average  Value  0.039 

11 

3  32 

.Sing.li- 

- 1 

1  0‘X. 

B 

0.040 

12 

3  32 

Single 

1  oz. 

B 

0.039 

13 

3  32 

Single 

i  oz. 

B 

0.039 

14 

3  32 

Sine  If 

1  07. 

B 

0.039 

1 

3  ;t.> 

Single 

1  l#7.. 

D 

0.039 

Average  Value  0.039 

16 

||n|H| 

B 

17 

B 

18 

B 

0.039 

19 

1  8 

B 

0.039 

20 

1  8 

1  oZ. 

B 

0.039 

Average 

Value  0.038 

21 

3  '32 

Single 

1  uz. 

D 

0.047 

22 

3/32 

Single 

1  t»z. 

D 

0.048 

23 

3.  32 

Single 

1  uz. 

D 

0.048 

24 

3  '32 

.Single 

1  oz. 

D 

0.047 

25 

3  32 

Single 

1  07. 

D 

0.047 

Average  Value  0.048 

26 

1/8 

Single 

1  oz. 

D 

0.047 

27 

1  8 

Single 

1  oz. 

D 

0.047 

23 

1  8 

Single 

1  oz. 

D 

0.048 

29 

1  -  8 

Single 

1  oz. 

D 

0.048 

30 

1.'8 

Single 

1  oz. 

D 

0.048 

n  r  •! 


Average  Value  0.047 


TABLE  CIV 


FLEXURE  TEST  HESULT.-J  OF  MANUFACTUnLO  A  (1/32  INCH  THICKNESS) 
_ Ha  HI*  Kpf'xy  Lnniinato _ _ 


Lenutliwiso  Values 


Copper 

Foil 

Copper 

Clad 

. 

L 

Composite 

Material 

Tliirkness 

Brcakini;  Load 
(i'ounri.s) 

Maximum 

Deflection 

(Im-li) 

Maxniiimi  Filler 

Stre.ss-S 

(P.S.l.) 

One  Side 

n 

1/32 

32 

30.720 

One  Side 

1/.32 

32 

.30.720 

One  Side 

BH 

1/32 

32 

30.720 

One  Side 

nH 

1/32 

32 

.070 

30.720 

One  Side 

1  oz. 

1/32 

33 

.070 

31.080 

One  Side 

1  oz. 

1/32 

33 

.070 

31  080 

One  Side 

1  oz. 

1/32 

33 

.070 

31.GB0 

One  Side 

1  oz. 

1.''32 

_ _ 

.080 

31.680 

Average  Value  31,200 


Crosswise  Valui'H 


One  Side 

ni 

2G 

24,000 

One  Side 

BB^B 

32 

30,720 

One  Side 

28 

2n.r,80 

One  Side 

1/32 

27 

Bt^B 

25,020 

One  Side 

1/32 

28 

20,880 

One  Side 

27 

.070 

25,920 

One  Side 

1/32 

33 

.080 

31,680 

One  Side 

1  oz. 

1/32 

27 

.075 

25,020 

Avcrajif  Value  27,300 


TABLE  CV 

FLEXURE  TEST  RESULTS  OF  MANUFACTURER  A  (I  ^0  INCH  THICKNES.S) 


Paner  Rase  Epoxy  L.iiiuii.’Rc 


LcnRtiiwise  Values 


One  Side 
One  Side 
One  Side 
One  Side 
One  Side 
One  Side 
One  Side 
One  Side 


Crosswise  Values 


17,2«0 

17.  '172 
ia,'132 
l!),008 

18, H10 


Averaue  Value 


10,000 
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TAIU.E  CVl 


FI.KXUIU-:  TEST  HESULTSOF  MANUFACTUHEH  A  {3'32  INCIt  THICKNESS) 


Pnpor  Dasu  Kpoxy  Laminate 


Lengthwise  Values 

Sped  men 

Clipper 

Copper 

Composite 

BreakinK  Loa<l 

Maximum 

Ma.ximuni  Filler 

Niuntier 

Fml 

Clad 

Mati-rial 

{Pounds) 

Befleetinn 

Stress-S 

Thickness 

(Iiieh) 

(P.S.I.) 

1 

(.hie  Side 

1  o/,. 

3 '32 

02 

.180 

23.500 

2 

One  Side 

1  oz. 

3/32 

94 

.180 

25,100 

3 

One  Side 

1  nz. 

3/32 

95 

.180 

25.300 

•I 

One  Side 

1  (V.. 

3  32 

90 

.185 

25,600 

Ti 

One  Side 

1  o/. 

3.  32 

94 

.180 

25.100 

0 

One  Side 

1 

3/32 

90 

.180 

24.000 

7 

Oni‘  Side 

1  n/. 

3/32 

03 

.180 

24.000 

8 

One  Side 

I  o/.. 

3/32 

03 

_ 1 

.]B0 

_ 

24,800 

Averaue  Value 

24.700 

Crosswise  Values 

0 

1 

Oiu-  Side 

1  oz. 

- 1 

3/3?. 

73 

.180 

19,450 

10 

One  Si<le 

1  nz. 

3/32 

75 

,180 

19,090 

11 

One  Side 

1  oz. 

3/32 

B1 

.185 

21,550 

12 

One  Side 

1  oz. 

3^32 

76 

.170 

20,200 

13 

One  Side 

1  nz. 

3/32 

82 

.180 

21,800 

14 

One  Side 

1  nz. 

3/32 

76 

.170 

20,200 

15 

One  Side 

1  OZ. 

3/32 

80 

.180 

21,300 

16 

One  Side 

1  oz. 

3/32 

76 

.  1 80 

20.200 

Averauc  Value 

20,586 

TABLE  evil 

FI  EXUHE  TEST  ItESIILTS  OF  MANHFACTUHEIt  A  <l/H  INCH  THICKNESS) 


Paper  Da.stf  E|y>xy  l.aniinaie 


l.cnKtliwisc  Valuc.s 

1 

One  Side 

1  OZ, 

122 

ni 

23,424 

2 

One  Side 

1  oz. 

1  /8 

119 

22,848 

3 

One  Side 

1  OZ. 

1/8 

120 

23,040 

4 

One  Side 

1  0/.. 

1/8 

1 19 

.250 

22.848 

One  Side 

1  0/., 

1/8 

119 

.250 

22.848 

c 

One  Sidi; 

1  oz. 

1/8 

114 

.250 

7 

One  Side 

1  oz. 

.  /B 

119 

.260 

8 

One  Side 

1  oz. 

1/8 

118 

.250 

Averane  Value 

22.800 

t  Crosswise  Valiie.s 

1 

9 

One  .Side 

1  nz. 

1/8 

107 

.300 

20,541 

10 

One  Side 

1  oz. 

1/8 

105 

.260 

11 

One-  Side 

1  oz. 

1/8 

107 

.230 

20,514 

12 

One  .Side 

1  nz. 

1/8 

108 

.250 

20,730 

13 

One  Side 

1  oz, 

1/8 

109 

.250 

20,928 

14 

One  Side 

1  oz. 

1/8 

107 

.250 

20,544 

15 

One  Side 

1  nz. 

1/6 

107 

.260 

16 

One  Side 

1  oz. 

1  /8 

103 

.250 

19.776 

Avera;;e  Value 

20.472 

2*16 


TABLE  CVIU 


FLEXURE  TEST  RESULTS  OF  MANUFACTURER  A  (1/4  INCH  THICKNESS) 


Paper  Base  Epoxy  Laniinatf 


LciiRtliwisc  ValuRfl 

Sporimen 

Crtppor 

Cn-iipcr 

Coiniwslte 

BreaklnC  Load 

Maximum 

r 

Maxtnuim  Filwr 

Nunil>er 

Foil 

Clad 

Material 

(Pounds) 

Defleetlon 

,Stress-.S 

Ttilrkno.^s 

(Iiieh) 

(P..S.I.) 

1 

One  Side 

1  oz. 

1/4 

112 

.310 

21,504 

2 

One  Side 

1  oz. 

1/4 

108 

.340 

20,730 

3 

One  Side 

1  O/, 

l/< 

115 

.3!)0 

22.0m) 

4 

One  Side 

1  oz. 

1/4 

IIG 

..370 

22,272 

5 

One  aide 

1  !>/. 

1/4 

107 

.330 

20,544 

6 

One  Side 

1  07. 

1/4 

125 

.400 

24,000 

7 

One  Side 

1  OZ, 

1/4 

108 

.340 

20,730 

8 

One  Side 

1  OZ. 

1/4 

122 

.385 

23,424 

Averane  Value 

21,012 

CrosswiRc  Valii'-s 

0 

One  Stdc 

ns 

1/4 

83 

.300 

10 

One  Stdc 

1/4 

08 

.365 

18,816 

11 

One  Side 

1/4 

08 

.370 

18,816 

12 

One  Side 

1/4 

87 

.310 

16,704 

13 

One  Side 

HE 

1/4 

88 

.325 

16,806 

14 

One  Side 

1/4 

.375 

18,816 

15 

OsiC  Side 

1  oz. 

1/4 

88 

.300 

16,896 

16 

One  Side 

!  OZ. 

1/4 

90 

_ 1 

.310 

Avera|fe  Value 

17,520 

TABLE  ax 

FLEXURE  TEST  RESULTS  OF  MANUFACTURER  B  (1/32  K  I  THICKNESS) 


t'aiKT  Base  Eixixy  Laminate 


l.oncUiwlse  Value.s 

1 

One  .Side 

1  oz. 

31 

.070 

32,6.10 

2 

One  Side 

1  oz. 

34 

.070 

32.040 

3 

One  .Side 

1  oz. 

30 

.065 

28,800 

4 

One  Side 

1  oz. 

1/32 

27 

,050 

25.920 

5 

One  Side 

1  oz. 

1/32 

28 

.065 

27,880 

6 

One  Side 

1  oz. 

1/32 

20 

.075 

27,840 

7 

One  Side 

1  oz. 

1/32 

29 

.070 

27,840 

8 

One  Side 

1  oz. 

1/32 

29 

.070 

-  27,840 

Averaue  Value 

28,800 

Crosswise  Values 

9 

One  Side 

1/32 

23 

.060 

22,080 

iu 

One  Siile 

1/32 

25 

.060 

24,000 

11 

One  Side 

1/32 

25 

24,000 

12 

One  .Side 

1/32 

23 

22,080 

13 

One  Side 

1/32 

23 

.050 

22,080 

14 

One  Side 

i/32 

24 

.060 

23,040 

15 

One  Side. 

1  oz. 

1/32 

26 

24,900 

16 

One  Side 

1  oz. 

1/32 

28 

26,880 

Average  Value 


23,640 


TABLE  CX 


FLEXUHE  TEST  RESULTS  OF  MANUFAC'TURLH  B  (MG  INCH  THICKNESS) 
_ Papf  r  Base  Epoxy  i-.animntc _ 


Lencthwisc  Values 


Specimen 

Number 

Copper 

Foil 

Copjjer 

Clad 

Conip'jsite 

Material 

Tluekness 

Breakms  Load 
(Pounds) 

- — — 1 

Maximum 

Ucfleetinn 

(Inrii) 

.Maxuimm  ^'ll•er 

Sf  re.-^s-S 
(I’.S.l.) 

1 

One  Side 

wmmm 

SI 

21 .120 

2 

One  Side 

61 

in.6hi 

3 

One  Side 

1  oz. 

63 

20.362 

i 

One  Side 

1  oz. 

61 

1‘).6h4 

5 

One  Side 

1  oz. 

1/10 

•10 

.1-10 

ifl.Bin 

6 

One  Side 

1  PZ. 

1/16 

6'1 

.140 

7 

One  Side 

I  oz. 

1,  16 

62 

.140 

in.oofl 

B 

One  Side 

1  oz. 

1/16 

52 

.146 

in.or.fi 

-  ■  ^ 

Averaco  Value 


20.010 


CrosswtKo  ValuoK 


- 1 

0 

One  Side 

1  oz. 

MSSM 

42 

1 

.130 

WM 

10 

One  Side 

1  oz. 

4B 

.140 

■ESQ 

11 

One  Side 

1  oz. 

1/16 

46 

.140 

12 

One  Side 

I  oz. 

1/16  1 

44.5  1 

.130 

■Kl 

13 

One  Side 

1  oz. 

1/16 

47.5 

.135 

14 

One  Side 

1  oz. 

1  16 

46 

.130 

■EnEI 

13 

Ono  Side 

1  CZ4 

1  10 

46 

.130 

16 

One  Side 

1  oz. 

1/16 

45 

.130 

■Bl 

Averace  Value 


17.876 


TABLE  CXI 

FLEXURE  TEST  RESULTS  OF  MANUFACTUREH  B  (3  32  INCH  THICKNESS) 

Pai>rr  B.TSC  Epoxy  i.anuiiatr _ _ 


l.*>rntlliw(.sc  Values 


1 

One  Sule 

ra 

H6 

.200 

2 

One  Side 

■IH 

H3 

.200 

3 

One  Si  lie 

1  07,. 

B3 

22.100 

4 

Ole  Side 

1  0/,. 

;i  32 

)i7 

23.200 

5 

One  S'.le 

1  11/ . 

3  32 

Kli 

22. ''00 

c 

One  Side 

1  0/.. 

3/32 

nr. 

.’.■18 

22,600 

7 

One  Side 

1  oz. 

3  32 

83 

.100 

22.100 

8 

One  Side 

1  oz. 

3/32 

87 

.200 

23.200 

Averaee  Value 

22,600 

Crosswise  Values 

9 

One  Side 

1  oz. 

3/32 

67 

■H 

10 

One  Side 

1  oz. 

3/32 

71 

18.900 

11 

One  Sid? 

1  oz. 

3/;;  2 

70 

18,690 

12 

One  Side 

1  oz. 

3/32 

cn 

18,400 

13 

One  .Side 

1  oz. 

3/32 

69 

.170 

18,400 

14 

One  Side 

1  oz. 

3/32 

66 

.160 

i  *,6U0 

15 

One  Side 

1  oz. 

3/32 

65 

.150 

17.300 

16 

One  Side 

1  oz. 

3/32 

-  ^  < 

66 

.160 

Averaco  Value 

1 8,092 

n 

C>8  0 


TABLE  CXII 

FLEXURE  TEST  RESULTS  OF  MANUFACTURER  R  (1/8  INCH  THICKNESS) 


Fri|n  t'  Base  Eivixy  Lniv.inntr 


LciiRthwise  Values 

Spenmen 

Cnpiirr 

Copjier 

Cnmixisite 

Break! ni;  Load 

Maximum 

M.iximiim  FilxT 

Number 

F»il 

Clad 

Material 

(Pounds) 

Deflertinn 

.Strcs.i^-S 

Tbirkness 

(Ineh) 

(P.S.I.) 

1 

One  Sirte 

1  oz. 

1/8 

ion 

.240 

20.0'.>K 

!• 

One  S'.fle 

1  nz. 

1/6 

10!) 

.240 

20,'i2h 

3 

One  Si;li' 

1  07., 

I'fl 

107 

20. 541 

•1 

One  Side 

1  nz. 

1  e 

115 

22,nnfl 

5 

One  Side 

1  nz. 

1/0 

no 

.230 

21,120 

6 

One  Side 

1  nz. 

1  H 

107 

.zaO 

20.54) 

7 

One  Side 

\  07. 

LB 

nfi 

.280 

22.272 

B 

One  Side 

1  oz. 

1  8 

112 

.240 

21.504 

Averacc  Value 

21.240 

Crosswise  Values 

0 

One  Side 

1  nz. 

02 

.250 

I7.r,r,.i 

10 

One  Side 

1  nz. 

90 

.240 

17,280 

n 

One  Side 

I  oz. 

64 

.240 

10.128 

12 

One  Side 

1  07, 

92 

.240 

17.004 

13 

One  Side 

l  n/„ 

1  8 

91 

.240 

17.472 

14 

One  Side 

1  07, 

1  8 

92 

.220 

17.fd;4 

IS 

4  !««  •<  Cl 

*  07. 

i  8 

90 

.220 

17.280 

16 

One  Side 

1  nz. 

1  8 

00 

.220 

_ J 

17.280 

Avcrejrc  Value 

n.t'iO 

TABLE  CXIII 

FLEXURE  TEST  RESULTS  OF  MANUFACTURER  B  (14  INCH  THICKNESS) 


Papvr  Ba.sr  E|>nxy  Lanuiiatp 


Lengthwise  Value.s 

1 

- 1 

Oil*'  SkI** 

— 

1  fl/.. 

1/4 

114 

21.888 

2 

One  Side 

1  nz. 

1.4 

108 

2n.73i', 

3 

One  .Side 

I  07.. 

1  4 

no 

.400 

22.8  IM 

4 

One  .Sidi' 

1  n/. 

1  '4 

115 

.380 

22,08(1 

5 

(  Ine  Side 

1  iV., 

1  4 

105 

.345 

20 , 1  on 

r. 

i  Mil'  Ni  H*' 

1  fiZ. 

1  4 

112 

.MhO 

21  .50.1 

7 

Opr  .Side 

1  ri/. 

1  4 

111 

.370 

21 .312 

8 

Oiii-  .Side 

I 

1  4 

1  10 

,305 

21 ,120 

i 

1 

Avera; 

:i’  Value 

21.4:10  1 

_ ! _ J 

j  Crosswise  Valuc.s  j 

9 

One  Side 

1/4 

80 

.345 

17,088 

10 

One  Side 

1/4 

94 

.305 

18.048 

n 

One  Side 

1  /4 

84 

.310 

10,128 

12 

One  .Side 

1/4 

89 

.350 

17.088 

13 

One  Side 

1  oz. 

1/4 

89 

.340 

17,088 

14 

One  Side 

1  oz. 

1/4 

94 

.350 

18.048 

15 

One  Side 

1  oz. 

1/4 

92 

.350 

17,904 

16 

One  Side 

1  oz. 

1/4 

94 

.350 

18.048 

Average  Value 

17.400 

Z&9 


TABLE  CXIV 

FLEXURE  TEST  IIESt'LTS  OF  MANUFACTUHE  I)  <1/32  INCH  THICKNESS) 
_ Pa|wr  Rayf  EtK»xy  Laiwinatc  _ 


LcncthwlKo  Valurn 


SiMTUiirn 

Nuinlwr 

{.'(•PJHT 

Full 

Cnpiirr 

CLul 

Cni«i|tORi(e 

Malfrtal 

TliK'tuteao 

BreaktnR  l.,naci 
(Pnuiida) 

Ma.Miiiiini 

ITtfl'TlirH) 

(Int-hl 

M.iAitiiuiu  FViw’r 
Slrrs«-S 

n’.s.Lj 

1 

Oui>  Sulc 

1  n/,. 

l,."»2 

in 

MWM 

:H.r.oo 

2 

Oiv  .Siili* 

1  *»/.. 

1/32 

in 

2M.r.(i»n 

3 

Oiii'  Sule 

1  07.. 

»/'32 

';n 

27,000 

*1 

Oiii*  Siilr 

1  07. 

t/.t2 

!.» 

2i(.%m 

S 

Onr  Kuli' 

1  o/.. 

L'32 

in 

27,OuO 

f. 

Oil*'  Suir 

1  o.-. 

1  .12 

in 

2*1, '■.no 

7 

Oni‘ 

1  ii/. 

l/.‘{2 

18 

27.000 

e 

Oiii-  Suit* 

1  07. 

1/32 

to 

2«.rion 

Avcratc  Valm-  27,m 


CroASwiac  Values 


0i 

Oiu*  Snip 

1  0;^.. 

1 

I;32 

10 

.070 

B!K!S!H 

Oitr  .Snip 

1 

1/32 

10 

.Or.;V 

11 

Oin-  .Snti- 

1  n/. 

1. 32 

in 

.OH'i  ! 

28.000 

12 

Oiii'  Sulk’ 

1  PZ, 

1  32 

17 

'  .or.o. 

20.000 

13 

Oiif  Siili' 

1  n/. 

1  32 

IB 

.Oi'iO 

27.000 

14 

Oiip  Side 

1  nz. 

1,32 

17 

.Olio 

20,000 

13 

One  Snip 

1  <>z. 

1.  32 

17 

•or.o 

20,000 

16 

One  Snip 

1  oz. 

1/32 

10 

.or>o 

22.000 

Averace  Value  24  031 


TABLE  CXV 

FLEXURE  TEST  UKSULTSOK  ^^A^UFACTUH^:l>  I)  (l/IC  INCH  TIIICKKESS) 


Piiiwr  D;»«f  E|nmy  I  annual f 


Lcnctltvtse  Values 

1 

Oin-  .Snip 

1  ()/. 

I/IO 

02 

.130 

in.nr.N 

2 

Oin*  .Snip 

1  n/.. 

l/jr. 

52 

.140 

iri.Wiu 

3 

(tiip  SkIp 

1  n/. 

I/Tfi 

51 

.130 

1  n.riH4 

4 

Oin'  .Si ill' 

1  o/.. 

52 

.135 

1  n.'ir.n 

0 

Oiip  .Snip 

1  o/.. 

»r. 

52 

.145 

in.nnH 

r, 

Oitp  .Snip 

1  n/. 

1,  »<■> 

51 

.140 

in.oi).) 

7 

Chiip  .Snip 

I  n/. 

1/  IC 

51.5 

.140 

in.770 

H 

Oiii-  Snip 

1  (>/. 

1,  in 

52 

.145 

in.'if.h 

Averaiie  VaUip 

in.H.i'i 

CroHKwfcsc  VaJui*s 

a 

One  Snip 

1  nz. 

!  /jn 

44 

.LI5 

1  rt.Hnr. 

10 

Oiip  .Snip 

1  n/. 

1/10 

42.0 

.130 

1  ri..720 

11 

Oiv*’  .Snip 

1  PZ, 

1/10 

44.5 

.135 

i7.nnft 

12 

OiiP  Snip 

1  oz. 

I/IO 

42 

.130 

ir..j2fi 

I3 

One  Snic 

1  l)Z. 

I/IC 

44 

.140 

1  o.Bnri 

14 

One  Snip 

1  IJ/. 

1/16 

44 

.130 

in.Bfir, 

15 

Oiip  Snip 

1  nz. 

1/10 

43 

.135 

10.512 

1C 

One  .Snl«’ 

I  nz  . 

1/10 

43 

.138 

10.512 

I 


TABLE  CXVl 


1 


FLEXUHE  lEST  hESUL.TS  OF  MANUFACTUitFU  D  (3/32  INCH  T3ISC  KNSSS) 


l 


Pa|K‘r  Rasp  Eivixy  l-aminatc 


LcnKlIiwIse  Values 

S|)erinicn 

Coppoi' 

Cnpjior 

C?nnij-)OSite 

Bre.akinc  Load 

Maximum 

Maxininm  Filler 

Nunilier 

Foil 

Clad 

Miilorial 

(Pounds) 

Deflcrtinn 

.Stre,ss-S 

Thiekne.ss 

(Inriil 

(P.S.l.) 

1 

One  Side 

•  o^. 

3/32 

72 

22.500 

2 

One  Side 

1  07.. 

3/32 

75 

23.450 

3 

OiiP  Side 

1  07.. 

3/32 

74 

23.100 

4 

One  Side 

1  07.. 

3/32 

72 

22,500 

5 

One  Side 

1  07.. 

3/32 

74 

.180 

23,100 

6 

One  Side 

1  07.. 

3/32 

74 

.170 

23.100 

7 

One  Side 

1  02, 

3/32 

74 

.170 

23,100 

a 

One  Side 

1  07.. 

3/32 

73 

.170 

22,800 

Averacc  Value 

22,050 

CrusHWisr  Values 

0 

One  Side 

1  07,. 

3/32 

G3 

.170 

10.700 

10 

One  Side 

1  4y/.. 

3/32 

61 

.160 

10,050 

11 

One  Side 

1  07.. 

3/32 

63 

.105 

10.700 

12 

One  Side 

1  07.. 

3/32 

G3 

.170 

*.9,700 

13 

One  Side 

1  07.. 

3/32 

62 

.100 

10.375 

14 

One  Side 

1  07.. 

3/32 

64 

.170 

20,000 

IS 

One  Side 

1  07.. 

3/32 

62 

.105 

19,375 

16 

One  Sule 

1  07., 

. 

3/32 

62 

.100 

10,375 

Aver.'ii'e  Value 

10,530 

I 


TABLE  CXVll 

FLEXUnE  TEST  HESULTSOF  MANUFACTUnEll  D  (1/8  INCH  THICKNESS) 


TABLE  CXVIII 


FLEXURE  TEST  RESULTS  OF  MANUFACTURER  U  (1.  4  INCH  THICKNESS) 


Pappr  Base  Epoxy  Lamiii.iU- 


LenRthwise  Values 

Specimen 

Copper 

Copper 

Composite 

r 

llroaitiri;T  Load 

rvKixiir.ur.i 

Maximum  Filler 

Number 

Foil 

Clad 

Material 

(Pomul.s) 

Deni'ctioii 

r» 

v-vj  ri'.sh-o 

Tliiv’kncss 

(Iiicll) 

(P.S.I.) 

1 

One  Side 

n 

1  -  4 

i  i 

.360 

22.080 

2 

One  Side 

1/4 

lilt 

.360 

22.843 

3 

t'Jne  Side 

Mbm 

1/4 

111 

.340 

21,312 

4 

One  Side 

1/4 

114 

.360 

21,688 

5 

One  Side 

1  4 

120 

.3P0 

23,040 

u 

One  Side 

bh 

1/4 

107 

..340 

20,544 

7 

One  Side 

1/4 

» 

1  CC. 

.300 

23,424 

6 

One  Side 

1  (17.. 

1.4 

lor, 

...  .  -  J 

.310 

20,160 

Avi'rai:;(’  Value 

1 

21.912  j 

Crnssv'ise  Values 

» 

One  Side 

- - - , 

1  oz. 

1  t 

1)2 

.340 

10 

One  Side 

1  oz. 

1  -4 

'll) 

.360 

19,008 

11 

One  Side 

1  oz. 

1/4 

al 

.340 

17,472 

12 

One  Side 

1  oz. 

1.4 

«2 

.293 

15,744 

13 

One  Side 

1  oz. 

’/4 

UH 

.365 

18,816 

14 

One  Side 

1  oz. 

1/4 

DO 

^  ^ 

10,008 

15 

One  Side 

1  oz. 

1,4 

00 

.375 

19,008 

IG 

One  Side 

1  oz. 

1/4 

04 

.345 

18,048 

Averane  Value 

18,096 

262 


TABLE  CXIX 


FLAMMABILITY  TEST  RESULTS  OE  MANU  FAC  TULEHa  A,  B,  AND  C 

Paiier  Base  Epoxy  Laminate 


Manufacture 
(Cupper  Clad 
Both  Sides) 

Composite 

Material 

Thickness 

(Inches) 

Copper  Foil 
Weight 
(Ounces) 

Self  Extinguishing 
or 

Burn  Hate  Tiuie 

A 

1/lG 

1  0?.. 

16  Specimens  Run  -  All  Self-Ext. 

A 

3/32 

2  oz. 

16  Specimens  Run  -  Ail  So  If -Ext. 

b 

1/16 

1  02. 

16  Specimens  Run  -  All  Self -Ext. 

B 

3/32 

2  oz. 

16  Specimens  Run  -  .‘\ll  bcli'-E.<i.  ■ 

C 

1/16 

1  oz. 

16  Specimens  Run  -  All  Self-Ext. 

C 

3/32 

2  uz. 

16  Specimens  Run  -  AH  St  h-Ext. 

263 


TAliLK  CXX 


SUMMARY  or  TIIF:  nHYSiCAt.  PWOPF.IITY  Tl:sr  m~-.SHI.TS  OF 

UA.SI-.  l■^■I^OXV  LAMIN  AT  I  ‘ 


TABLi;  111.  l*ro|»crty  Viiluos 


l’l‘i|pci  (y  111*  lac  lo.'Jlotl 

Coiiditiniiliti; 

procetlwrc 

Type  PX 

(sen  table  IX) 

<.sec  4. 5. 1. 4  to 

1/32  iiuii 

3/32  inch 

1/8  incli 

1/4  inch 

4.5.  1.4.3.  iiicl) 

IliieU 

tlilfk 

Ihirk 

IliirU 

Ci>ppei-.Ii)U  lesi.sUvily .  at  20"  C.  aver- 

A 

ap‘,  m.ixinuim.  ubins  (i;rani/mclci' 

0.  17210 

square). 

Soltlrr  clip; 

Uurlrlird  spi-t  tiiieiis . . 

A 

NO  BUST 

i;'.tiNL;  Nou  df:i.amin.\tio.n 

El  died  specimens . . 

Peel  .stren^h.  mininnim,  imunds  per 

A 

NO  I NTFU  LAMINAR 

IIU.STEniNC 

Inch  wldlit:* 

1-07.  Cupper: 

After  solder  dip . . . 

A 

10,  1 

0.9 

9.5 

B.  3 

10.4 

After  temperature  cycllni;. ....... 

m 

1U.2 

».  7 

10.3 

10.9 

After  elevated  leniperature . 

2-07.  copp'tr: 

E-1/140 

10. 1 

to.  4 

19.  1 

9.  fi 

10.  1 

After  solder  dip . 

A 

14.7 

14.3 

12.5 

After  temperature  eycljiiK. . 

(3) 

KlH 

14  3 

14.2 

12  0 

After  elevated  temperature . 

K- 1/140 

14.7 

14.5  ^ 

14.1  - 

5.!6xl0“ 

13.3  . 

13.4 

Volume  resistivity,  nilnlmuni,  niep- 

C-OC/ 35/90 

•  •  • 

3.  11)  .X  10‘ 

3.2«xl0 

nhm  •centimeter  a. 

Surface  resistance,  minlmuni,  uvccnlims 

C-OC/35/90 

»  •  . 

IB.  4.x  10^ 

IH.CxIO^ 

23. 4  x  10^ 

1  t  1 

W.Ttcr  absorption,  averat'e,  maximum, 
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APPENDIX  A  -  A  NON-DESTRUCTIVE  TP^ST  TO  EVALUATE  THE  EFFECT  OF  NICKS. 

PIN  HOLES  AND  SCRATCHES  ON  PUNTED  WIRING  CCI^UCTGRS. 

Scope  -  This  test  cs^ab!lshl?s  criteria  and  a  techuiiiue  for  evaluatiriR  the  effect  of  nicks,  pin  holes 
and  scratches  on  printed  wiring  conductors  so  that  allowable  cross-section  reduction  may  be  es¬ 
tablished  on  any  given  printed  vdring  board.  This  test  may  be  used  either  to  evaiuaie  a  specific 
line  reduction  condiction  with  a  given  current,  or  to  establish  dimensional  criteria  so  the  maxi¬ 
mum  allowable  reduction  of  a  specific  system  may  be  established  with  subsequent  inspection  by 
physical  measurement  to  ensure  compliance  with  standards  established  by  this  test. 

Equipment  Needed  for  Testing  -  The  toilnwing  equipment  was  used  to  establish  the  test  procedure, 
equivalent  items  may  be  suu&iiiuted  as  necessary. 

1.  A  Weston  Model  331  D.C.  Ampere  Meter  {scale  division  of  •/?.  ampere) 

2.  20  amp,  sihunt 

3.  8  plim,  50  watt  Rheostat 

4.  Two  (125  V,  2b  amp.)  isjiiie  awticnes 

5.  One  6  volt  Battery  (130  ampere  hours) 

6.  Fcnwal  Temperature  Meter  (Model  58301-5) 

7.  Thermistor  Bead  (Fenwal  No.  GB34P9?.) 

8.  TW  #8  Solid  Copi>er  Wire 

9.  Universal  Timer  (Model  167) 

10.  Jagabt  Pile  RJieost.tt  (Model  #10  -  .018  to  1.8  olim.s  resistance) 

11.  Thermi.stor  Bead  K'lldme  Device  (.sec  Figure  No.  7'; 

’2.  Two  Electrode  Terminal  Post.s  (see  Figure  No.  9  in  T.isk  A  ol  the  report) 

13.  One  6  volt  Battery  Boo.stcr 

14.  Test  fan.-ird  Ch.imlxr  -  tiii.i  chamber  may  be  i-  instructed  as  in  Figures  No.  4  and  C  in 
Ta.sk  A  of  the  rejxirt) 

The  liasic  and  pirtm  ml  electrical  circud  luxik-up  i-5  constructi-ti  as  illustrated  in  the  loilowmg 
pages;  <f 

Positioning  of  Test  Ponrd  -  Pl.acr*  the  circuit  Ixiard  in  ai.  enclosed  te.st  area  that  will  prevent  anv 
air  currents  from  affecting  trmperr.iurc  rise  measurements.  When  the  circuit  board  has  been 
positioned  in  the  test  enclosure,  a  oeaa  thermistor  is  ixisitioned  directly  over  the  copper  conductor 
and  held  firmly  so  that  the  bead  makes  firm  phvMcal  contact  with  that  portion  of  the  copper  con¬ 
ductor  that  is  to  be  tested. 

The  two  electrodes  (see  Figure  No.  6  in  Ta.sk  A  of  the  report)  are  placed  on  opposite  sides  of  the 
thermistor  beads  (make  sure  that  tlie  distancf:  between  electrodes  docs  not  exceed  1.50  Indies). 
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Elec  triL-al  Trst  Prnrpfiiirp  -  Pofore  current  is  allowed  to  flew  in  the  conductor,  tlse  iKiriierature 
iner>'r  turiipd  u'l  to  measure  the  ambient  temperature  in  the  conductor  test  area,  Tl\is  is  re- 
ciu'di’d  after  an  elapsed  time  of  3  or  4  minutes.  The  knife  switches  in  the  circuit  are  c  losed, 
liiiowiir^  currciif  ti>  ilow  tiirounh  ilie  copper  conductor.  Tenipprature  rise  readings  are  taken  at  1 
amp  iiitfi'vals.  The  current  flow  is  controlled  by  the  carbon  pile  rheostat.  For  amneraiie  values 
exceedin';  5  amps,  tlie  S  nlim  rlicostat  is  removed  from  the  circuit,  (see  Fippire  No.  R  in  T:i''k  A 
of  tlie  repirt).  stalnlizc  before  taking  die  temperature  readins.  Temperature  rise  measurcn'ient.s 
are  taken  for  each  ampere  increment  up  to  a  temperature  rise  of  40'^C  aliove  ambient.  The  fem- 
perature  sliovild  be  allowed  to  stablilize  for  approximately  five  nvinuies  after  each  chance  in  current 
belore  readme. 

.Acceptance  Conditlon.s  for  Passing  or  Kaihng  the  Tested  Circuit  Board  -  The  principal  factor  winch 
will  determine  wiiethrr  or  not  tlie  degree  of  line  reduction  i.s  acceptable  is  the  amount  of  current 
i-pquirnd  tt!  1  rose  the  conductor  temperature  to  40OC  above  ambient.  If  this  current  value  is  in  e.x- 
cess  of  that  winch  will  flow  m  the  conductor  during  normal  use  (with  an  allowance  for  surge 
currents),  tli.in  tlie  degree  of  line  reduction  can  be  considered  aceept.'ible  and  my  be  used  to  estab- 
listi  physical  limits  winch  may  bo  measured  on  subsequent  boards  in  the  same  system. 

It  must  be  noted,  however,  that  if  any  ot  tlie  following  coiiditions  develop  during  te.sting.  tlU'ia  the 
part  should  he  considered  as  failing,  regardlp.ss  of  the  amount  of  current  which  pa.ssecl  through: 

1.  Discolor atiuii  of  copper  at  point  of  maximum  reduction. 

2.  Discoloration  of  base  laminate  around  test  area. 

3.  Lifting  or  wnnkliiig  of  the  conductor  from  tlie  liase  laminate. 

li  .shuulci  he  jximted  out  tliat  the  evaluation  of  the  effect  of  nit'k;;,  pm  lioles  and  .scratches  on  printed 
\*u’uiK  i'(]iul'.ictor.s  IS  effected  by  many  variables.  A  review  of  the  data  collected  in  Ta.sk  A  makes 
It  apiiear  that  there  i.s  cnn.siderably  more  leway  that!  had  been  previously  considered.  There  are. 
ii"wev(  r,  iithci  'lu.difying  Factors  wliu  h  must  be  taken  into  consideration.  In  the  first  place,  con¬ 
ductor  IiiK'  Width  1  •xhiction  m  excess  of  30  to  25'()  are  outside  tJie  I'louiids  of  good  manufacturing 
piMCtice  and  should  not  nornially  be  acceptable. 

Aiinther  f.ii-tor.  and  one  wiiuii  was  unfortunately  outside  the  scope  of  this  study,  is  the  ixcs.sibihi y 
•  if  loMg-t«  i  ni  degradation,  or  gradual  deterioration  on  tlie  bond  tictween  the  reduced  ronduefor  .md 
the  ba.se  material  over  r.xtendcd  jieriods  of  time  at  tcmpcrntnrr.s  .«.i  mu-uiiat  Ir.s.s  tlian  40oc  alxu'c 
ambient. 

To  assiiri-  r«  h.dnht^  ,uui  niimnii/.e  tlie  possible  effects  of  long  time  application  of  eb-  .ded  teinpec- 
atures  winch  could  cau-se  ultimate  dcgradafinii  of  the  ooiul  to  failure,  the  folhrwing  specifications 
limitatinns  are  recfimniedeil. 

1.  I'or  any  given  1  incli  If.iuth  nf  conductor,  individual  nicks  or  juii  holes  or  conibiiiaiion  oi 
lurks  and  pin  holes  which  exsxise  the  base  laminate.  'T  any  scratch  shall  not  reduce  tin 
rro.ss-scctioii  area  of  tlic  conductor  by  more  than  30  i.. 

2.  For  any  given  1  incii  length  of  conductor  no  conibinatioa  of  nicks  or  pm  holes  which.  exi*).si 
tiie  iiasc  laminate,  or  any  scratch  shall  be  acceptable  wlien  the  cross-section  are.!  at  tlie 
(X'lnt  of  maximuni  rednrtinn  .sJiows  a  temperature  increa.se  m  exres.c  of  40*^0  wiieii 
.-■xainined  m  accnrP.nnce  with  the  procedure  outlined  in  Appeiidi.x  S.. 


APPENDIX  B  -  GENERAL  PHOCEDL'RE  FOR  PREPARING  TEST  SPECIMENS 


Visua*  l»v«nprtinn  -  Thr  slieri  material  of  cooDor-rlad  uiastic  LiniiP.ate.  in  as-receiverl  cniaJition, 
was  inspected  for  superficial  defects  sucli  as  scratchcG,  pits.  bliEters.  dents  and  oilier  defects 
winch  miplit  l>e  observed  by  visual  inspection.  If  any  of  tlie  aoove  defects  occurred  exceeding  re¬ 
quirements  per  MIL-P-13949B,  tlie  sheet  material  was  rejected  and  sent  back  to  the  manufacturer 
for  replacement. 

Machining  -  The  required  number  of  specimens  were  cut  by  a  saw  from  tlie  entire  sheet  for  each 
test.  The  specimens  for  Task  A  were  cut  to  a  .size  4.50"  x  2.75"  x  thickness  of  material. 

Cleaning  -  Those  specimens  that  riMpiM-ed  a  specific  pattern,  alter  having  lx?en  machined,  were 
thoroughly  scriibbed.  using  a  grade  FFF  pumice  and  a  wad  of  moistened  cotton.  This  was  done  to 
nummize  scratches  when  scrubbing  lengthwise  and  crosswise.  The  specimens  were  then  rinsed 
with  warm  water  (approximately  yt/jp)  until  the  specimen  would  hold  an  unbroken  film  of  water. 

The  specimen  was  then  dried  with  filtered  air.  After  drying,  the  specimens  were  tarefiilly  handled 
from  the  edges  and  placed  in  a  suitable  clear  rack  for  the  next  proi'ess  operation.  Lint-free  gloves 
were  used  at  all  times  for  handling. 

Sensitizing  -  All  specimens  requiring  a  specific  pattern  were  sprayed  with  a  Kodak  rhoto  Rc-ict 
solution,  using  a  Biiiks  No.  20  production  spray  gun.  Th.  time  of  spraying  was  iipproximately  two 
seconds.  The  specimens  were  then  removed  and  put  aside  to  dry.  It  was  necessary  that  the  sensi¬ 
tized  surfaces  be  undisturbed  while  drying  in  an  infra-red  oven  150°F  for  a  minimum  of  one- 
half  liour. 

Printing  -  After  the  sensitizing  srilutioc.  iiad  innroughly  dried,  tlie  specimen,  along  with  a  negative 
of  the  pattern  required,  was  placi-d  in  a  vacuum  frame  with  tlwf  coated  side  up  and  the  required 
negative  emulsion  down  to  ensure  einuls'.un  to  emulsion  contact.  The  specimen  was  exposed  to  an 
ultra-violet  light  fur  2-1  2  minutes  under  a  vacuum  pressure  of  28  inches. 

Developing  -  The  specimen  was  tlien  removed  from  the  vacuum  frame  and  placed  in  the  develoi^er 
Ttrichloroetliylcne)  for  two  mimitcs.  After  this  it  was  removed  .and  allowed  to  cool  before  dipping 
for  approximately  one  second.  It  was  then  removed  from  the  dye  and  immediately  waslied  in  a 
spray  of  warm  water  (80*^  to  lOO^F)  until  onlv  the  required  pattern  remained  on  the  copper  foil 
(approximately  one  minute).  Following  this,  tlie  excess  water  w.i»  removed  with  a  warm  blast  of 
air  and  tlie  specimen  was  set  aside  to  dry  for  approximately  one  hour. 

Ei.^hing  -  The  specimens  after  i>rmg  tliorouglily  dried  were  placed  In  an  oscillating  head  spray 
etching  muciiinv  (42°  Bauiiiv  Ferric  Chloride)  for  three  to  .six  minutes  until  all  of  the  excess 
copper  was  i  eiiiovi.-d.  I  hv  ti  inpt  rnturi’  of  the  etclu 'g  solutiun  was  maintained  at  around  75tol00*T. 

Cleaning  and  Drying  -  The  sjhi  imeii.s  won-  then  removed  from  the  etching  tank  and  immediately 
washed  in  cold  running  water  for  15  minutes  mnnmum.  They  were  then  washed  in  a  10  iiercciit 
oxal'c  acid  snlu-'ion  follnv/ed  by  a  5  min-.itc  nii.se  in  cold  running  water,  after  which  they  were 
thoroughly  rinsed  with  di.stilled  water.  Tlie  excess  water  w.'is  removed  with  clean  absorbent  cotton 
and  a  warm  air  blast.  All  specimens  were  then  placed  in  an  oven  at  80‘^C  :  3®C  for  one  hour  mini¬ 
mum  and  then  allowed  to  ciyol.  The  specimens  were  bagged  from  this  point  on  to  pr^'vent  contami¬ 
nation. 


APPENDIX  C  -  INSULAnON  REIjlSTANCE  TEST 


Scope  -  The  puriwse  of  this  test  is  to  set  the  requirements  that  will  give  reproducible  and  con¬ 
sistent  insvila'ion  tesi  results. 


Equipment  Required  -  The  following  types  of  equipment  w^re  used  to  establish  the  data  for  this 
test;  Equivalent  substitutes  may  be  made  as  necessary. 

1.  A  Humidity  Test  Chamber  tlmt  will  control  the  humidity  and  temperature  within  the 
limits  as  specified  in  MIL-STD-2C?..  (See  Figures  35,  36  and  37  in  Task  B  of  the  reiiort). 

2.  Test  specimen  holders  and  electrode  connectors  similar  to  those  shown  in  Figures  38 
and  40  m  Task  B  of  the  reyiort. 

3.  Teflon  insulated  coasial  cable  (Type  RG-142V). 

4.  Keithley  Model  61i)A  Electron-jcter  (used  to  measure  current). 

5.  A  50U  volt  DC  imwer  auppiy.  :;upply  <>00/4  nr  pqual). 

6.  A  Hewlett-Packard  Model  412A  Vacuum  Tube  Voltmeter. 

7.  Appropriate  test  leads  for  wiring  of  electrical  circuit. 
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•  Note:  .An  accurate  megohninieter  capable  of  measuring  resistance  up  to  10  ohms 
with  an  accuracy  of  ■  6‘o,  and  also  capable  of  providing  a  sustained  voltage  nf  500V  D.C. 
may  be  substituted  for  items  4,  5  and  6. 

Specimen  Preparation  -  For  most  accurate  results,  testing  should  be  started  as  soon  .after  speci¬ 
men  manufacture  as  possible. 


ihe  speftmons  are  labncated  as  stated  in  Appendix  B  to  simplify  production.  The  following  dean 
ing  operation  is  recommended; 

1.  Scrub  with  pumice  or  Ajax  and  Tampico  brush. 

2.  Rinse  1  -  2  numites  in  spray  water  rinse. 


3.  Rinse  4-6  nunutos  in  runiujig  water  rinse. 


4.  Immerse  111  vcr.sonc  solution  (1  oz,  per  gallon)  for  2-4  minutes. 


5. 

6. 


Rinse  2-4  minutes  in  liot  (nnii.  155^F)  deionized  water. 


Hlow  drv  with  dean  filtcied 
(A'i  handl 111'.’,  iliii  iiiir  dcMmi.^ 


air,  or  blot  dry  witli  kiniwipe  and  bag  immediatclv. 
-hculd  be  with  w’hite  cotluii  or  synthetic  iibcr  giovo. 


7.  Put  the  speeunens  in  an  air  circulating  oven  for  1  lioi’r  at 
speciniens  ic,  tiie  iiuniidity  test  chamber. 


5C  beuu  e  jnit'ii''’’  the 


Test  Procedure  -  luni  the  Keitiney  ElL’i’iiumoter,  Power  Supply  and  the  VTVM  or  MegohnT-**’''  >‘"i 
sufficiently  ahead  of  t  ’,st  t(.  al;ow  a  Wari-n-up  period  of  30  minutes.  Ground  the  G',i(\  imens  at  all 
times.  Refer  to  biguie  No.  42  for  thr  basic  electrical  hook-up  circuit.  Ti-  initiate  testing  t!ie 
specimen  is  energised  witii  500  volts  for  one  minute  before  the  current  is  read.  Measuring  the 
insulation  resistance  by  tiie  indirect  method  enables  an  accuracy  of  i  5*^  at  10^^  ohms  range  to  be 


a 


ivaclied  (runvat  aveasureci  v.'itli  a  Keitliley  Slec;tronit‘itr  Mode!  610A!.  A?  the  end  of  eaclii  eurreii! 
readlnp,  specimen  just  tested  is  grounded  before  the  next  specimen  is  measured.  The  500  volt 
hue  voltage  is  monitored  continuously  with  a  Hewlett-Packard  Mode!  41  PA  Vnitmeter.  ttclcrrmg 
to  Figure  No,  42,  chimge  leads  1  and  2  for  measuring  volume  resistance.  The  insulation  intasure- 
ment-s  are  performed  by  guarding  the  back  electrode  and  applying  tiic  {wiential  d.-.  wutc, 

and  center  ring  of  the  bullseye  pattern.  Those  insulation  resist.tnrr->  test  patterns  that  arc  not  of  a 
bulhseye  pattern  design,  the  insulation  readings  are  performed  by  applying  the  potential  arr-iss 
opposite  leads  of  the  respective  test  pattern.  In  this  case  it  is  a  two-electrode  system  and  ii-nt 
three-electrode  system  when  mtasuring  insulation  resistance  with  this  type  of  pattern  design. 
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